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Foreword 
 
Emergency and routine management of animal bodies and (or) remains is a significant challenge 
and a major responsibility for the sustainability of agricultural, recreational, and natural animal 
systems. Strategies are critical in order to protect not only animal and human physical health, but 
more broadly, holistic health, which involves economic, social, and environmental components. 
In our times, we face the large-scale realities of biological pathogens (e.g. Foot and Mouth 
Disease, Bovine Spongiform Encephalopathy, Exotic Newcastle Disease, Highly Pathogenic 
Avian Influenza, Classical Swine Fever, African Swine Fever, rabies, E. coli infection, 
salmonellosis, Listeria), toxicological contaminants (e.g. mycotoxins, dioxin, melamine), 
radiological contamination (e.g. 90Sr, 131I), and natural disasters (e.g. flooding, hurricanes, 
fires, and facility failures). Likewise important is the daily management of animal deaths and 
byproduct accumulation under normal and natural production. Research is necessary in 
developing effective response plans, as are the deliberative interactions among international, 
national, state, provincial, and local governments, public institutions, non-governmental 
organizations and the private sector. 
 
The 4th International Symposium on Managing Animal Mortality and Health Risk and the 
resulting Symposium Proceedings enable animal emergency responders, planners, educators, 
researchers, animal caretakers, livestock producers, food animal processors, food systems 
managers, and researchers to more effectively manage mass mortality events, animal disease 
outbreaks, and (or) food contamination events, should they occur. Experts from around the world 
have contributed new knowledge from lessons learned during these experiences, from 
demonstrations of depopulation, disposal, and decontamination technologies, from simulating a 
disease outbreak on an international border, and from recent, related research. The impact of this 
event will be further extended with the post-symposium release of the Compendium of Related 
Materials and White Paper. 
 
Partnering among the individuals planning the 4th International Symposium on Managing Animal 
Mortality and Health Risk, the U.S. Department of Homeland Security’s Science & Technology 
Directorate  and  the  National  Center  for  Foreign  Animal  Disease  and  Zoonotic  Disease 
contributed to compilation of these resources and was greatly appreciated. In the future, this and 
broader working relationships will benefit the local, regional, national and international 
communities by capturing synergisms and efficiently using resources in research, education and 
policy-making efforts. Michigan State University was pleased to be the host institution for the 4th 
International Symposium on Managing Animal Mortality and Health Risk. 
 
Thomas G. Coon 
Director 
Michigan State University Extension 
Dale W. Rozeboom 
Professor and Extension Specialist 
Michigan State University 
May 21, 2012 
A Trip Across The Border – Animal Inspection Procedures and Routine Mortality Disposal Methods 
Features visits to Canadian Food Inspection Agency and Animal Inspection Facility, Reid Dairy Farm, USDA-APHIS 
inspection facility, and Pine Tree Acres Landfill. Participants will visit with personnel about procedures for live animal 
inspections moving internationally, observe routine animal management as it relates to mortality management, and 
view various disposal methods such as a composting, incineration, arrangements with landfills and on farm burial. In 
addition participants will learn how farms and landfills facilitate successful disposal. 
 
 
Obtaining Value-Added Products from Animal Rendering and Managing On-Farm Mortality Effectively 
Features visits to Darling International, a hog farm, two dairy farms, one featuring composting and the other an 
incinerator. Participants will learn about the rendering process and how value added products are obtained and can 
serve Michigan’s livestock industry. Learn how one company is finding ways to create new products with 
environmentally friendly techniques to reduce their overall environmental impact. In addition participants will 
observe routine animal management as it relates to mortality management, and view various disposal methods such 
as a composting, incineration, arrangements with landfills and on farm burial. 
 
Capturing Energy in Mortalities, Disease Diagnostics, Emergency Planning and On-Farm Mortality Management 
Participants will have an opportunity to learn about the future potential of disposing of or capturing energy from 
animal tissue by products and carcass reduction at Michigan State University Anaerobic Digestion Research and 
Education Center. Then learn about disease surveillance and identification, routine incineration of carcasses, 
diagnostic services by the nationally renowned Diagnostic Center for Population and Animal Health. Talk with officials 
about the state’s mass carcass emergency management plan and observe routine animal management as it relates to 
mortality management, and view mortality composting on a beef and swine farm. 
 
Welcome to Michigan: Dr. Dale Rozeboom, Professor and Extension Specialist, Michigan State University 
Greetings from Canada: Dr. Jim E Clark, DVM, National Manager - Disease Control, Canadian Food Inspection Agency 
Opening Comments: Dr. Tammy Beckham, Director, The National Center for Foreign Animal and Zoonotic Disease 
Defense (FAZD Center) 
 
May 22, 2012 
 
Welcome: Mr. Keith Creagh, Director, Michigan Department of Agriculture and Rural Development 
 
Keynote Address: Research, Regulations and Response 
Dr. Donald Klingborg, US Davis Cooperative Extension will discuss how research, regulations and response need to 
be connected and integrated. He will address how researchers can help move research based information to 
change in local, state, national and internationally policy. Learn the value of collaboration and consensus among 
local and regional planners and most importantly learn how to involve the international community in the 
development of research and policy to ensure the best regulations and response around the world. 
 
Plenary Session: One Health: Understanding the Connection between Human and Animal Health 
Mr. Gary Flory, Agricultural & Water Compliance Manager, Virginia Department of Environmental Quality, will relate 
emergency management, mass carcass disposal, disease threats, and routine dead animal management to the 
One Health Initiative which seeks stronger collaborations and communications in all aspects of health care for 
humans, animals and the environment. (Paper) (Presentation)  
 
Breakout Sessions 
Session 1: Emergency Response and Policy 
Moderators: Tom Glanville and Mary Schwarz 
•  Disease Response by the Canadian Food Inspection Agency During Winter (Paper) (Presentation) 
o Edward Malek, Canadian Food Inspection Agency 
•  Decision Support for Disposal of Animal Carcasses and Waste Materials in a Foot and Mouth Disease 
Outbreak – The New Zealand Approach to Decision Making (Paper) (Presentation) 
o Brendan Pollard, New Zealand Ministry of Agriculture and Forestry 
•  Statutory Regulation of Dead Animals Carcass Disposal in Nigeria (Paper) (Presentation) 
o Anselm Ego Onimonyi, University of Nigeria Nsukka 
•  Current Status of HPAI in Vietnam: Information Program for the Livestock and Poultry Industries 
(Paper) (Presentation) 
o Van Dang Ky, Epidemiology Division, Department of Animal Health, Vietnam 
 
Session 2: Alternative/Mechanical Disposal 
Moderators: Bill Seekins and Keith Matassa 
• Update on Status of Transportable Gasifier for On-Farm Disposal of Animal Mortalities 
(Paper) (Presentation) 
o Paul Lemieux, US Environmental Protection Agency 
• In-Vessel Bioreduction Provides an Effective Storage and Pre-Treatment Method for Livestock Carcasses 
Prior to Final Disposal (Paper) (Presentation) 
o Prysor Williams, Bangor University 
• Energy Flows During Gasification of Specified Risk Materials Compost (Paper) (Presentation) 
o Gordon Price, Nova Scotia Agricultural College 
• Composting Animal Carcasses Removed from Roads: An Analysis of Pathogen Destruction and Leachate 
Constituents in Deer Mortality Static Windrow Composting (Presentation) 
o Bridget Donaldson, Virginia Center for Transportation Innovation and Research and Garrett 
Smith, Virginia Tech University; Presented by Jean Bonhotal, Cornell University and James White 
Virginia Department of Transportation 
 
Plenary Presentation 
Decontamination and Disposal Following Food and Agricultural Emergencies: EPA’s Perspective on 
FSMA Section 208 (Abstract) (Presentation) 
Juan Reyes, U.S. Environmental Protection Agency 
 
Breakout  Sessions 
Session 3: Environmental Effects of Disposal 
Moderators: Craig Williams and Josh Payne 
• Leachate Movement Beneath Two Carcass Burial Sites (Paper) (Presentation) 
o Dyan Pratt, University of Saskatchewan 
• Using Novel Taxonomic Profiling Techniques to Evaluate Microbial Communities in Soil Beneath a 
Mortalities Burial Site (Paper) (Presentation) 
o Dyan Pratt, University of Saskatchewan 
• Large Animal Carcass Mortality Composting: Impact on Soil Nutrients (Paper) (Presentation) 
o Mark Hutchinson, University of Maine 
• Fate of Barbiturates and Non-steroidal Anti-inflammatory Drugs During Carcass Composting (Abstract) 
 (Presentation) 
 o Mary Schwarz, Cornell Waste Management Institute 
• Air Emissions from In-Vessel Rotating Drum and Open Static Pile Composting of Swine Carcasses, 
Whole and Ground (Paper) (Presentation) 
o Dale Rozeboom, Michigan State University 
 
Session 4: Disposal, Depopulation, Decontamination/Disinfection and Recovery 
Moderators: Melissa Berquist and Edward Malek 
• Mass Depopulation of Laying Hens in Whole Barns with Liquid Carbon Dioxide: Evaluation of Welfare 
Impact (Paper) 
o Patricia Turner, University of Guelph 
• Field Study to Examine Restoration of a Rendering Facility Back to Normal Operation Following its use for 
 Disposal: Rendering in an FAD Response (Paper) (Presentation) 
o Paul Lemieux, US Environmental Protection Agency 
• Reading the Fine Print – A User’s Guide to Understanding Disinfectants (Paper) (Presentation) 
o Nicole Kenny, Virox Technologies Inc 
• EPA’s Role in Radiological Releases and Agricultural Waste Management Activities (Abstract) (Presentation) 
o By Paul Kudarauskas, USEPA Office of Emergency Management, Presented by Jim Michael EPA’s 
Office of Resource Conservation and Recovery 
 
May 23, 2012 
 
Keynote Address: 2010 FMD Outbreak in Korea-Government’s Response to this Emergency and Important 
Lessons Learned (Presentation) 
Dr. Heekwon Ahn, Animal Environment Division, National Institute of Animal Science Rural Development 
Administration Republic of Korea will discuss Korea’s response to this emergency, and important the lessons 
learned that would be most helpful to other countries around the world should they face a similar situation. Dr. 
Ahn is now one of Korea's leading researchers evaluating the environmental impacts of emergency disposal 
techniques employed late last year, and improved disposal technologies for handling future disease outbreaks. 
 
Plenary Session: PBB’s Continuing Impact on Michigan (Presentation) 
In the 1970’s the citizens of Michigan experienced the contamination of their food system with polybrominated 
biphenyls (pbb’s). A PBB-based flame retardant was accidently mixed into animal feeds. The history of this event 
will be shared with a focus on emergency response, animal mortality management, the impact on human health, 
the long-term impact on public policy and emergency planning. The presentation will be by a team of individuals, 
many of which lived through this historical event and other who have had a role in managing its enduring effect 
on Michigan. 
 
Breakout Sessions 
Session 5: Animal Mortality Composting 
Moderators: Jean Bonhotal and Gary Flory 
• Quantification of Sodium Pentobarbital Residues from Equine Mortality Compost Piles 
(Paper) (Presentation) 
o Josh Payne, Oklahoma State University 
• Novel Molecular and Microbial Insights into Mortality Composting (Paper) (Presentation) 
o Tim Reuter, Alberta Agriculture, Food and Rural Development 
• Nutrient and Moisture Distribution Within Large Animal Carcass Compost Piles (Paper) (Presentation) 
o Bill Seekins, Maine Compost Team 
• Suitability of Sunflower-Hulls-Based Turkey Litter for On-Farm Turkey Carcass Composting Seasonally 
(Paper) (Presentation) 
o Shafiqur Rahman, North Dakota State University 
 
Session 6: Depopulation, Decontamination/Disinfection and Recovery 
Moderators: Larry Sikora and Mark King 
• Persistence and Inactivation of a Highly Pathogenic (Abstract) 
(Presentation) Avian Influenza (H5N1) Virus 
o Joseph Wood, US EPA National Homeland Security Research Center 
• Mass Depopulation Technologies and Policy (Presentation) 
o Darrel Styles, USDA APHIS 
• Validation of Decontamination Processes in the Agri-Food Context (Paper) (Presentation) 
o Elizabeth Rohonczy, Canadian Food Inspection Agency 
• Animal Mortality Response Capability Gaps: Federal R&D (Abstract) (Presentation) 
o Lori Miller, USDA APHIS 
 
Plenary Presentation 
Knowledgeable, Ready, and Able: A Comprehensive Extension Agro-Security Program for the Livestock and Poultry 
Industries (Paper) (Presentation) 
Tom Glanville, Iowa State University 
 
Breakout Sessions 
Session 7: Policy and Education 
Moderators: Heather Simmons and Mark Hutchinson 
• FMD Global Lessons Learned and the Shift in US Strategy (Abstract) (2-Presentations) 
o Lori Miller, USDA APHIS 
• Canada Initiatives – Outbreak Response and Effective Disease Control Measures (Abstract) (Presentation) 
o Jim Clark , Canadian Food Inspection Agency 
• The Socio-Economic, Environmental and Biosecurity Aspects of Livestock Carcass Disposal Methods: 
Impacts of European Policy (Paper) (Presentation) 
o Prysor Williams, Bangor University 
 
International Panel Discussion 
Facilitator: Heather Simmons, FAZD 
Guest Panelists: Dr. Jim Clark, Canada Food Inspection Agency, Dr Darrel Styles, USDA-APHIS, Dr. Prysor Williams 
Bangor University Great Britain, Dr. Brendan Pollard: New Zealand Ministry of Agriculture and Forestry and Dr. 
Heekwon Ahn: Republic of Korea 
 
Panel members will discuss policies and knowledge gaps related to their animal tissue management and or foreign 
animal disease outbreak experiences in Great Britain, Canada, United States, Republic of Korea and New Zealand. 
Each panelist will provide brief overview and respond to audience questions. 
 
Session 8: By-products and Foods of Animal Origin 
Moderators: Shaun Kennedy and Dale Rozeboom 
• Movement Control Project 2011-2012 (2-Presentations) 
o Eric Hess and Mike Neault, Multi-State Partnership for Security in Agriculture 
• Composting Of Specified Risk Materials In Canada As A Management Approach (Paper) (Presentation) 
o Gordon Price, Nova Scotia Agricultural College 
• Foot and Mouth Disease Continuity of Business Planning for the U.S. Dairy Industry and Milk Disposal I 
& II (Paper) (Presentation) 
o Pam Hullinger and Danelle Bickett-Weddle, Center for Food Security and Public Health, Iowa State 
University 
• USDA APHIS Veterinary Services: Our Roles in the International Movement of Animal Origin Food Products 
and Live Animals (Presentation) 
o Jennifer Juers-Green, USDA, APHIS, VS 
 
May 24, 2012 
 
Cross-Border FMD Response Disease Simulation Workshop 
This workshop will include a break out session and a facilitated scenario discussion. It will provide participants an 
opportunity to analyze a fictitious cross-border FMD outbreak and identify issues and gaps related to movement, 
depopulation, disposal and decontamination activities. Participants will be divided into groups to discuss and 
document issues and gaps, then report back to the larger group on their findings. The overall list of issues and 
gaps will form the basis for a prioritized list of identified actions. (Presentation and Intro Video) 
An audio summary of the workshop findings are posted at: (Report Out Video) 
 
Off-Site Demonstrations 
The demonstration area at Michigan State Universities Tollgate Farm, Education and Conference Center featured 
hands-on sessions and demonstrations of the construction of a carcass compost static pile, milk truck 
decontamination, carcass reduction through enviro processors and alkaline hydrolysis, farm animal euthanasia, 
biological decontamination, microwave sterilization, in-vessel composting, and foam euthanasia. 
  
Milk Truck Decontamination Video   
Poster Presentations (Presented May 22 and 23, 2012) 
 
• Jean Bonhotal and Mary Schwarz, Cornell Waste Management Institute (Abstract/poster) 
o Mortality Composting Outreach in Brasil/Education Exchange 
 
• Robert Clark, Virginia Cooperative Extension (Abstract/poster) 
o Field Testing of Bone Screening and Beneficial Reuse of Large Animal Mortality Compost 
 
• Mark King, Maine Compost Team, Maine Department of Environmental Protection, Solid Waste Division 
(Abstract/poster) 
o A Comparison of The Quantity and Quality of Leachate Generated by Compost Piles Exposed to 
Natural and Artificially Induced Precipitation 
 
• Keith Matassa, University of New England Marine Animal Rehabilitation Center (Abstract)  
o Small Scale Composting at the UNE Marine Animal Rehabilitation Center Compost Facility 
 
• Amanda Meddles, The Ohio State University (Abstract) (Poster) 
o Online Mortality Certification Course 
 
• Dale Moore, Washington State University (Abstract/poster) 
o Biosecurity messaging: What do the recipients of our messages think? 
 
• Lam Nguyen, ABE – Iowa State University (Abstract/poster) 
o A Literature Review on Disinfecting Chemicals for Improved Bio-Security of Emergency Animal 
Mortality Composting and Anaerobic Digestion 
 
• C.A. Shea Porr, Middleburg Agricultural Research and Extension (MARE) Center, Virginia Tech 
o Static Composting of Equine Mortality (Abstract/poster) 
o Training First Responders on Equine Handling and Technical Rescue (Abstract/poster) 
 
• Dyan Pratt, University of Saskatchewan (Paper) 
o Behavior of Microbial Communities Beneath a Mortalities Burial Site using CPN-60 Taxonomic 
Profiling 
 
• Dale Rozeboom Michigan State University (Paper) 
o Economic Costs of In-vessel and Open Static Pile Systems for Routine Mortality Management on 
Swine Farms 
 
• Anna Ruman, USDA/APHIS/VS (Paper) (Poster) 
o Disposal Planning with Landfills 
 
• Mary Schwarz, Cornell Waste Management Institute (Abstract/poster) 
o United States Dead Animal Disposal Laws 
•   T.J. Gao, Himark BioGas, Inc (Abstract) 
o The Matric Effect of Thermophilic Anaerobic Digestion on Decontamination of Infectious 
Laryngotracheitis Virus Using Real-Time PCR and Viral Cell Culture 
Compendium Presentations and Papers for the Symposium 
 
• Bill Seekins, Maine Department of Agriculture, Food and Rural Resources 
o Best Management Practices for Animal Carcass Composting (Document) 
 
• Dyan L. Pratt, M.Sc., University of Saskatchewan 
o Geochemical Implications of Livestock Mortality Burial (Document) 
 
• Paul Lemieux, Associate Division Director, DCMD 
o Field Study to Examine Restoration of a Rendering Facility Back to Normal Operation Following Is 
use for Disposal Rendering in an FAD Response (Document) 
 
• T.A. McAllister and Team, Agriculture and Agri-Food Canada 
o Potential of Composting to Inactivate Prions (Document) 
 
• Department of Health 
o A Rapid Qualitative Assessment of Possible Risks to Public Health from Current Foot and Mouth 
Disposal Options (Document) 
 
• Environmental Protection Agency 
o Effectiveness of Physical and Chemical Cleaning and Disinfection Methods for Removing, Reducing, 
or Inactivating Agricultural Biological Threat Agents (Document) 
 
• Wendy J. Davis-Hoover, National Homeland Security Research Center 
o Persistence of Bacillus anthracis Spores and Clostridium botulinum and Destruction of Francisella 
tularensis and Yersinia pestis in Municipal Solid Waste Landfill Leachates (Document) 
 
• Jean Bonhotal, Cornell Waste Management Institute; Mary Schwarz, Cornell Waste Management Institute; 
Craig Williams, Penn State; Ann Swinker, Penn State 
o Horse Mortality: Carcass Disposal Alternatives (Document) 
 
• Mary Schwarz, Cornell Waste Management Institute; Jean Bonhotal, Cornell Waste Management 
Institute; Dale Rozeboom, Michigan State University 
o The Space it Takes: Footprint Calculator for Composting Butcher Waste (Document) 
 
• Virginia Department of Environmental Quality 
o Guidelines for In-House Composting Poultry Mortality as a Rapid Response to Avian Influenza 
(Document) 
o In-Vessel Composting of Wild Bird, Game Birds and Backyard Poultry to Prevent the Spread of Avian 
Influenza (H5N1) (Document) 
o Guidelines for Landfilling Poultry Mortality in Response to an Outbreak of Avian Influenza 
(Document) 
o Static Pile Composting of Wild Birds, Game Birds and Backyard Poultry to Prevent the Spread of 
Avian Influenza (H5N1)  (Document) 
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SUMMARY OF THE ISSUE 
The ongoing outbreak of H5N1—commonly called Bird Flu—and the 2009 
H1N1 pandemic serve as strong reminders that people, animals and the 
environment are inextricably linked.  Many of the diseases causing death 
and suffering across the globe are diseases that can be transmitted from 
animals to humans.  Often the cause of new disease threats can be 
traced back to changes in the environment.  The effective treatment, 
control and eradication of these disease threats require an 
understanding of the interconnectedness of humans, animals and the 
environment.  This idea is often call the One Health concept. 
DEFINITIONS 
 Emerging Infectious Diseases (EIDs) are new, reemerging or drug-
resistant infections whose incidence in humans has increased within 
the past two decades or whose incidence threatens to increase in 
the near future. 
 Zoonotic Diseases are any infectious diseases that can be 
transmitted (in some instances, by a vector) from other animals, both 
wild and domestic, to humans or from humans to animals.   
 
IMPORTANCE OF EMERGING INFECTIOUS DISEASES 
Human Toll  
Approximately 15 million people die each year from infectious diseases.1  
In children, infectious diseases are the main cause of death.  Infectious 
diseases can also result in disability, diminished quality of life, and 
decreased productivity. 
 
Economic Impact 
The cost of treatment and prevention of EIDs can be staggering and 
disproportionately impact developing countries.  The impact of zoonotic 
epidemics from 1995 to 2008, many of them preventable, exceeded 
$120 billion globally. 2    
 
EIDs as Bioterrorism Agents 
Although the threat to human life is generally less than that associated 
with other agents, the economic impact of an intentional introduction of 
a zoonotic disease agent could be staggering. 
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RECENT OUTBREAKS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Year Disease/Microbe 
1982 Lyme disease 
1983 AIDS 
1989 Hepatitis C 
1996 Creutzfeldt-Jacobs 
Disease 
1997 Influenza H5N1 
(bird flu) 
1998 Nipah virus 
2003 SARS 
2009 Influenza H1N1 
(swine flu) 
FACTORS LINKING HUMAN AND ANIMAL HEALTH 
Population Growth 
 Crowding results in more opportunities for existing disease organisms 
to mutate, recombine, and reassort into more deadly strains. 
Land Use 
 Contamination of water resources, deforestation and other land 
use changes result in more contact between humans, domestic 
animals, wildlife and vectors. 
Agricultural Practices 
 Open agriculture, deforestation, intensive agriculture and the use of 
antibiotics in food animals all impact the potential for disease 
emergence. 
International Trade and Commerce 
 An individual infected with an EID can be anywhere in the world 
within hours. 
 Foods are exported around the world. 
 Exotic pets are traded through legal and illegal markets. 
  
WHAT YOU CAN DO 
The most successful and dramatic examples of real change come 
from committed individuals—not institutions.   Here are some actions 
you can take now as individuals, educators, physicians or researchers 
to save lives and prevent disease: 
 
 Share One Health concepts with friends and colleagues.  
 Educate policymakers. 
 Develop productive relationships with local, regional, and global 
interdisciplinary professionals to: 
o Share surveillance/laboratory data, 
o Discuss unusual cases, 
o Cooperate on training, planning and response. 
 Develop curriculums that include interdisciplinary courses. 
 Broaden research teams to include researchers from other 
disciplines. 
 Target surveillance efforts in areas with social or land use changes. 
 Host regional interdisciplinary working groups. 
 Involve cross discipline epidemiologist when investigation disease 
clusters. 
 Develop joint interagency communication strategies.   
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Abstract.  
The choice of disposal options in outbreaks of disease (e.g. foot and mouth disease (FMD)), is a 
recognised problem and has often proved challenging for countries that have had to deal with large 
outbreaks in recent years. The optimal way of managing them is still subject to debate.  
 In contrast, the criteria on which decisions on disposal should be based are broadly accepted and are 
viewed internationally as robust and comprehensive. It is also accepted that there will be some 
differences as a result of variations in epidemiology of the outbreak and local conditions. The 
decision-making processes can be represented in different ways.  Sometimes they are presented as a 
“decision matrix” to allow many criteria to be considered at the same time and others where options 
are placed in a preferential “hierarchy” or tree organised in sequence. 
 Improvements in understanding of basic disposal technologies are a reminder that historical 
methods may no longer be acceptable and that, if possible, “low tech” should re-enter the debate for 
disposal. This presentation seeks to outline an approach to disposal decision making for FMD that 
aligns with widely accepted equivalent processes and will include the: 
• Decision making process 
• Criteria that need to be included 
• Use of decision support tools to stimulate discussion and debate and facilitate the recording of 
the disposal decision making process. 
 
The aim is to provide consistent and structured guidelines that can be used at various stages of a 
FMD outbreak and at all levels of a response, to make decisions about disposal options that will 
provide balanced and rapid input into the many other organism management activities that are 
occurring simultaneously.  
  
 
Keywords.  Disposal, Carcass disposal, Burial, Composting, Waste management 
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Introduction 
Methods for disposal of animal carcasses, animal products and materials as well as the 
specific requirements for disposal during a foot and mouth disease (FMD) outbreak are well 
described and have international acceptance. What is less clear is which of the available 
options would be most appropriate under New Zealand conditions. A project is currently 
underway to debate this topic and produce guidelines on disposal during a FMD outbreak.  
These guidelines will be used to develop operational procedures for use during a response. 
They will also inform the development of on-farm biosecurity plans, including disposal, for 
use during business as usual) and in the event of a FMD or other disease outbreak.  
Overview of the New Zealand Agricultural sector 
New Zealand is a small country with an approximate total length that is a quarter longer but 
only two thirds the surface area of California. Most of its primary produce is exported and 
this contributes a large proportion to its gross domestic product. It has a population of just 
over four million people and its domestic market is tiny in comparison to its exports. This has 
a huge significance if export markets were to be closed as a result of an FMD or other major 
disease outbreak. Unlike more populous countries, New Zealand would not be able to turn to 
domestic consumption as a buffer and a partial solution to the lack of export markets. 
Foot and Mouth Disease – Why is it important? 
The impact of a FMD outbreak on the New Zealand economy is estimated to be between 
US$10 - 13 billion in the first two years and would have lasting impacts for years afterwards. 
No individual, group or sector would be expected to be unaffected in the face of such 
significant macroeconomic impacts. Other exotic diseases could be expected to have lesser 
but still significant impacts 
The dilemma and challenge of disposal 
The domestic animal population of New Zealand is large in comparison to the human 
population. The current national herd consists of approximately 4.82 million dairy cows, 4.1 
million beef cattle, 55.6 million sheep (wool and lamb) and 1.2 million farmed deer. The pig 
and poultry industry are relatively small and production is mostly for domestic consumption. 
As is common in many countries, the distribution of stock types is not even and varies 
considerably as a result of geographic and climatic factors, amongst many others. The 
general distribution for stock types in New Zealand is provided in Appendix 1. 
The availability of land suitable for disposal also varies considerably and is dependent on a 
wide range of factors and variables. Two examples of regional analysis of land suitable for 
disposal are presented for the Waikato (Appendix 2) and Taranaki (Appendix 3) Districts of 
New Zealand. 
It is immediately apparent in these examples, that some areas of high stock density have 
very few areas suitable for disposal. This is the central dilemma of disposal, as it prevents on 
farm disposal and forces the need for transportation of infected carcasses. This in turn 
requires the mobilisation of a biosecure transport fleet and the need for mass disposal 
systems and sites. In the worst case scenario it may even make the policy of “stamping out” 
impractical to implement and force alternatives to be considered e.g. vaccination 
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Previous disposal project 2003-2006 and current disposal plan 
This is not a new problem and it has been recognised for some time. A previous disposal 
project initiated in 2003 addressed some of the uncertainties. This project focused 
specifically on burial, rendering and the use of portable incineration units (Air Curtain 
Incinerator - ACI). Outputs from this project are listed in Appendix 4 
The project produced comprehensive construction specifications for on farm and mass burial 
sites for New Zealand conditions and an in depth analysis of how compliance with national 
biosecurity, environmental and legal obligations could be acieved.  
The ACI was found to be suitable for use only at the very start of an outbreak, in a very small 
event or in specific disease scenarios such as a zoonosis (e.g. anthrax), physically resistant 
organisms (e.g. prions) or when transportation is not possible or desirable. Rendering had 
limited capacity and geographic distribution and could not cope with whole or “hide on” 
carcasses. The final conclusion was that neither would be useful in a large, rapidly moving 
disease outbreak, such as FMD 
A set of disposal options (Appendix 5) and a disposal hierarchy was also proposed 
(Appendix 6). A gap analysis was performed and a number of issues were identified for 
future preparedness work. These included, amongst much else, specific site selection, 
coherent disposal plan alignment, alternative options (e.g. composting) and continuous 
review over time.  
Disposal project 2012 and future planning 
The current Disposal Project 2012 is a new FMD preparedness initiative whose purpose is to 
build on the previous work and to provide clarity and guidance on disposal issues. It intends 
to identify current knowledge and expertise gained since the last project and consult widely 
with experts, agricultural groups, regulatory authorities and other interested parties. The 
objectives include the development of agreed guidelines on disposal and agreed best 
practice on methods of complying with legal and regulatory obligations. 
Guidelines on disposal 
The guidelines on disposal should:  
• Be based on current science and evidence  
• Capture previous work and add current information  
• Fulfil local and international biosecurity and legal obligations  
• Have the broad agreement of industry, local and regional government and other 
interested parties  
• Be capable of being implemented immediately after a decision to depopulate has been 
made 
• Include a decision making process for disposal if guidelines do not cover a particular 
situations  
The guidelines will focus only on options available or suitable to New Zealand conditions. 
There will also be a focus on simplicity and “low tech” solutions that will have practical 
application for a large response. It is unlikely that any one option will provide a complete 
solution and more likely that several or all available options will be used to cope with a large 
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event. It is also likely that an integrated combination of national, regional, local and farm 
level approaches will be required. 
The current status of the project is that a discussion document for disposal has been 
completed and engagement with agricultural groups, national, regional and local government 
and other interested parties has begun. The guidelines for disposal will be developed during 
these discussions and will likely include a national approach to disposal.  
As this is still a project “in motion” the outcomes and conclusions are still to be determined. 
The remainder of this presentation is focused on the information and guidelines produced 
during the development of the discussion document  
Disposal Options  
It is unlikely any one disposal option would be suitable for all circumstances. Different 
options might have to be used depending on local and regional conditions, availability of 
resources and materials and changing circumstances over time. It is far more likely that all 
available options would need to be mobilised to cope with a large response. 
The most significant disposal options division from a biosecurity perspective is that between 
on farm and off farm options. From a pure biosecurity risk perspective, on farm solutions are 
the preferred option. All off farm solutions require biosecure transport as a prerequisite.  
Options that are currently considered appropriate to New Zealand circumstances are 
identified in Appendix 7. Options considered outside the scope of this project are identified in 
Appendix 8 and are not discussed further. If any of these options become locally available in 
the future then they can be reviewed as potential options 
1. Burial 
Historically burial has been a primary focus of disposal solutions. It is relatively simple 
and resource friendly. Once completed it is out of sight but also “out of mind”. 
It does however have to be implemented well to avoid the potential for complications. 
Complications could include the surfacing of bloated carcasses, the need for exhumation 
and reburial and the associated implications for staff safety and water, soil and air 
pollution from leachate and post mortem gases. 
There are number of different types of burial including on farm or off farm, trench / pit 
burial, above ground (mounding), lined or unlined, landfill and mass burial in specially 
built facility. 
There is an increasing recognition of the environmental impacts caused by improper 
burial. Monitoring and inspection are difficult once the process is completed. However 
burial is likely to remain as an important option at start of and probably throughout a 
response. Alternatives to burial, that can be used in parallel, need to be developed. 
 
2. Incineration 
Incineration has been a standard method for disposal of diseased carcasses throughout 
history. However as a result of negative public reaction to its use in large outbreaks (e.g. 
UK 2001) it is no longer considered an appropriate option. Poorly managed pyres could 
result in persistence of FMD or other pathogens and windborne spread. 
Incineration includes burning on open pyres, air curtain incineration or the use of 
commercial fixed incineration units.  
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Environmental impacts of incineration include air pollution, fire risks to forests and other 
natural ecosystems, disposal of residual ash, groundwater and soil pollution with ash and 
ash components and contamination of crops with pollutants (dioxins, PCBs etc.). The 
use of waterlogged fuels (wet or “green” wood) causes incomplete combustion and 
thereby increased air pollution. 
Pyre burning and any method involving burning of carcasses in the open air are 
considered inappropriate or even illegal in many jurisdictions. Pyre burning is unlikely to 
be used except in the most isolated areas.  
ACI and commercial fixed incineration units may be useful for small quantities of material 
but has limited capacity  
 
3. Composting 
Composting is an old technology that has been given a new focus and may provide a 
significant practical alternative to burial. It is already used routinely in much of the pig 
and poultry industry for routine mortality. Composting skills, knowledge and expertise 
has been growing fast in the last 10 - 15 years and conversion to whole carcass windrow 
composting is considered to be both practical and economic. 
Windrow composting is low tech and practical to implement with locally available 
equipment and skills. It should be noted that the primary aim of composting mass animal 
mortality is not to produce compost but to eradicate FMD virus. Optimising the speed 
and efficiency of composting is thus secondary to biosecurity issues, pathogen reduction 
and end product testing to confirm eradication. If there are doubts about the 
effectiveness of composting in FMD virus destruction then composting should be 
considered a pre-process and a final method of disposal determined (e.g. burial or 
incineration).  
In order to be implemented effectively, composting does require the sourcing and stock 
piling of large quantities of composting material  
Composting consists of a number of different types, including windrows (static pile), 
active and passive composting, bin composting and specialised techniques e.g. Aerated 
synthetic tube and In-vessel composting. 
The environmental impacts of composting are similar but much reduced than those 
applying to burial. The process from setup to completion is much shorter and the 
monitoring of the composting process is much easier and effective. There are also 
significantly lower requirement for rehabilitation of the disposal site. 
 
4. Rendering 
Rendering is the primary method of disposal in many jurisdictions. In New Zealand there 
is inadequate capacity or geographic distribution. What capacity there is will likely be 
utilised but would be less suitable than other options in many circumstances. Rendering 
requires biosecure transport and enhanced biosecurity on rendering plants. 
Environmental impacts of rendering are considered business as usual activity for the 
commercial rendering industry. 
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5. Disposal at sea 
The OIE Terrestrial Code lists dead animal disposal at sea as an option for disposal and 
states that “International Conventions define the conditions to be met for the disposal of 
dead animals at sea” 
International conventions and obligations dealing with disposal at sea include the United 
Nations Convention on the Law of the Sea, the Convention on the Prevention of Marine 
Pollution by Dumping of Wastes and Other Matter 1972 (The London Convention or the 
Marine Dumping Convention) and the 1996 Protocol to the Dumping Convention. 
New Zealand legislation, regulations, standards and rules reflects and incorporates 
international conventions and agreements to which New Zealand is a signatory  
Disposal at sea could provide a practical solution with fewer environmental impacts than 
other methods of disposal. Resourcing and logistical considerations may limit feasibility.  
A number of potential, but as yet unproved, environmental impacts from disposal at sea 
pose some concern. However, a lack of research means there is little hard evidence to 
support them. Although disposal at sea is recognised as a pollution issue it needs to be 
balanced against the pollution and environmental impacts and issues of other disposal 
options. Any perceived risk of disposal at sea will need to be objectively balanced 
against all evidence that’s available at the time. New Zealand may be uniquely placed to 
use this option as a result of its geographic isolation and its large continental shelf which 
restrict the consideration as an option in other jurisdictions. Disposal at sea is unlikely to 
be used without significant support from agricultural and community groups and its 
potential effects on markets and international support would need to be carefully 
measured. If considered, it is likely to be used only as an option of last resort  
Decision making process 
The first step in the decision making process to resolve disposal problems is the recognition 
that the problems posed should be owned by all the groups involved. No one organisation or 
group, either government or non-government, is able to deliver successful solutions without 
the active and ongoing participation of all interested parties at all levels 
The general principle that decisions should be made by “those best placed to do so” is an 
important part of the decision making process and will require comprehensive consultations 
at all levels of management during the process. It should result in a standard, consistent and 
transparent approach which should be acceptable to all those involved. 
The proposed decision making process aligns with our organisational decision framework 
and international accepted practice and is detailed in Appendix 8   
The Technical Advisory Group (TAG) will likely be used at strategic level and the expert 
group at local or operational level. It should allow for rapid decision making, using the 
currently available information. The decision processes, recommendations and decisions 
should be properly recorded and approved by the co-ordinating body to ensure consistency. 
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Decision support tools  
These are a set of tools developed to assist the decision making process and deliver 
standardised, consistent and transparent decisions that are properly documented and 
communicated to all those who need to know 
1. Decision criteria  
The Decision Criteria (Appendix 9) are a set of ten criteria, divided into two categories 
which are aligned with the OIE Terrestrial Code. They are intended to provide a common 
understanding and a consistent approach to the disposal issues. They are connected to 
a set of questions, guidelines and comments which provide additional material to guide 
and promote discussion and debate. They are not intended to be all inclusive and other 
criteria may be included by the participants, as required. They also provide a numbered 
cross reference to the other support tools 
2. Decision tree  
The decision tree provides a visual, structured approach to discussions on options and 
criteria for disposal. It is intended to be used in combination with the other disposal tools. 
It provides a logical structure for decision making that promotes a consistent, transparent 
and efficient approach to discussion of disposal issues.  
The initial round of discussion considers the initial group of criteria (blue boxes) for 
feasibility and exclusion. This is followed by consideration of the second group of criteria 
(purple boxes) for feasibility. The result should identify feasible options and the decision 
tree then moves on to discuss and identify options for progression to planning and 
implementation. 
As it follows a pre-arranged sequence, discussions are dependent on conclusions from 
previous steps. Process flows are potentially subject to delay by lack of agreement in 
one of the steps. 
3. Decision matrix 
The decision matrix (Appendix 9) consists of four components 
• The disposal option(s) under discussion is identified at the top of the matrix by circling 
one or more of the options or adding alternatives under “other”. 
• A list of the decision criteria in the left column with a cross reference number to the 
disposal decision criteria and their associated questions and guidelines as well as the 
disposal decision tree 
• A “Visual Analogue Scale” (VAS) with a blue line on which you mark the level of support 
or opposition  
• A comments /notes field to record decisions, opinions and the rationale behind them. 
This is on the reverse or second page of the document with additional pages added 
separately as required  
 
The matrix is intended for use with the criteria and/or the decision tree. Its core function is to 
record the discussion and debate and identify what and how decisions were made.  
The Decision making process 
Decision support tools can be used by individuals or groups:  
• To  establish individual or organisational position, prior to a meeting 
• During a meeting to stimulate debate and discussion 
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• To discuss a single option or a group(s) of options 
• Summarise and document discussion agreement and disagreement  
 
An additional function of these tools is to align the decision making process at national, 
regional and local level. Many of the issues relating to disposal will rely on knowledge and 
expertise at a local and regional level and this information needs to be captured and co-
ordinated at all levels of the response - strategic, tactical and operational. 
 
It is important to note that the disposal decision tools are not the decision making process 
The discussion debate and recommendations are the decision making process and these 
need to be documented for auditing purposes. Records should include who participated, 
what was discussed, the results of the debate and the decisions made. Dissent as well as 
agreement should be recorded as well as the reasons/rationale for dissent/agreement 
 
Key messages 
• Only options applicable to New Zealand conditions considered 
• Guidelines on disposal should cover most situations 
• Include a decision making process to be used when the guidelines do not address the 
problem 
• Focus on simplicity and “low tech” solutions 
• Decision support tools provide structure for discussion 
• Provide framework for transparent and consistent decision making 
• Provide a robust recording system to document decision process and outcomes  
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Appendix 1: Distribution of Livestock in New Zealand 
 
 
 
 
 
Top pig farming regions 
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Appendix 2: Disposal suitability in the Waikato 
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Appendix 3: Disposal suitability in Taranaki 
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Appendix 4: Outputs from Disposal Project 2003-2006 
 
Burial 
• Willis, G. and Gunn, J. (2004), Carcass Disposal by Burial: A Strategy for 
Responding to an FMD Outbreak. Report Prepared for MAF Biosecurity by Enfocus 
Limited 
• Dolan, L. and Koppel, J., (2005). Construction Specifications for Carcass Burial 
Facilities. Report prepared for MAF Biosecurity Authority by URS New Zealand 
Limited 
Rendering 
• Bingham, P., (2005). The Use of Rendering for Carcass Disposal during an Exotic 
Disease Response (EDR) in New Zealand 
Portable Incineration (Air Curtain Incineration)  
• Clarke, B., (2005). Air Curtain Incinerator Trial. Report prepared MAF Biosecurity 
Authority by Sinclair Knight Merz (SKM)  
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Appendix 5: Disposal Options 
 
Appendix 6 Disposal Hierarchy 
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Appendix 6 Disposal Options for New Zealand 
 
Appendix 7 Disposal Options that are currently considered out of scope 
• Lactic acid fermentation  
• Alkaline hydrolysis  
• Anaerobic digestion  
• Non-traditional, novel or unusual options and technologies  
• Depolymerisation  
• Plasma arc  
• Re-feeding to alligators /crocodiles  
• Napalm  
• Non-traditional rendering (flash dehydration, fluidised-bed drying, extrusion /expeller press,)  
• Pyrolysis  
 
Note: If these options become locally available in the future then they can be reviewed as potential 
options 
  
D I S P O S A L
ON Farm OFF Farm
When to use? • The risk of the disease being present on the 
farm is very high or unknown
• Biosecure transport to move the carcasses 
or material to another location is not 
available
• There are no other options available
• On-farm disposal may also include disposal 
on an adjacent property that has a more 
convenient or suitable disposal site
• Several adjacent properties could share a 
common disposal site
• There are no suitable sites for on-farm 
disposal
• Off-site options are considered more 
appropriate than on-site options
• All off-farm disposal options require 
biosecure transport as a prerequisite
Options that would likely be 
considered under New 
Zealand conditions
• Burial
• Air curtain incineration
• Composting
• Pyre burning
• Burial 
o On another farm nearby
o In a designated landfill
o In a purpose made mass burial site
• Composting 
o In a designated landfill
o On a nearby farm
o In a purpose made mass 
composting site
• Rendering 
o Whole carcass rendering
o Pre-processing before rendering
• Air curtain incineration
• Pyre burning
• Disposal at sea
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Appendix 8: Proposed decision making process 
 
Establish Disposal Technical Advisory Group (TAG) / Expert Team 
 
Collect all relevant information 
 
Consider the type and quantity of waste and 
Likely waste stream classifications 
 
Consider all relevant disposal options 
 
Consider the factors that affect the 
Implementation of proposed options 
 
Use a decision-making process 
 
Assess the outcome of the decision process 
for environmental impacts 
 
Make recommendations 
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Appendix 9: Decision Criteria  
Criteria Guidelines and Comments 
1. Time and  Speed of 
Resolution 
 
• How quickly will the method 
resolve the disposal 
problem? 
• Is there enough time to 
identify, collect, and deploy 
the physical resources 
required for the disposal 
option(s) relative to the 
spread of the disease? 
• Does the disposal option 
result in complete inactivation 
of FMD virus?  
 
 
• Disposal options that rapidly inactivate 
FMD virus in all infected material as 
soon as possible are preferable 
• Early detection of new infections, rapid 
depopulation of infected animals 
followed by immediate  removal and 
disposal with fast inactivation of the 
pathogen are critical to successful 
eradication  
• Most disposal options have the capacity 
to inactivate FMD virus if proficiently 
carried out 
• Some disposal options may provide 
quick solutions but require long-term 
maintenance, management and 
monitoring or extensive remediation 
work. For example, burial may be quick, 
but the need for monitoring and potential 
problems with aquifer contamination 
may make it less acceptable than 
composting, which may need longer 
initial management but produce a safe 
and  readily disposable product. 
 
2. Occupational health and 
safety 
 
• Is the disposal method safe 
for staff and operators? 
 
• Staff safety must rank very high when a 
disposal option is being considered 
• Risk assessment should be a 
fundamental part of the process so that 
potential risks are identified and 
appropriate management measures put in 
place 
• Disposal should be managed so that  all 
people involved are safeguarded against 
the risks of handling decomposing 
animals and materials 
• Zoonotic potential should be specifically 
examined. FMD virus is not considered 
zoonotic, but some organisms involved in 
post mortem decomposition and the 
breakdown materials produced are 
potentially harmful 
• Personal protective equipment must be 
supplied if required and all staff should 
receive appropriate training  in their use 
• Additional measures should be included 
as appropriate  
• Staff should receive regular health checks 
and psychological support if required. 
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3. Cost Effectiveness  
• Is the disposal option cost 
effective? 
 
• It may prove difficult to provide an 
accurate costing for  the available 
disposal options and initial estimates may 
have to suffice 
• Initial costs can be determined more 
easily 
• Ongoing costs of maintenance, 
management, monitoring, and 
environmental rehabilitation also need to 
be assessed and included and are likely 
to add substantially to the overall cost 
• Adequacy of funding for the options 
chosen should be determined and 
committed as early as possible 
 
4. Biosecure Transport  
• Is there sufficient biosecure 
transportation and equipment 
available for disposal 
option(s)? 
• Are there acceptable biosecure transport 
methods available? 
• FMD virus is one of the most contagious 
viruses and equipment, vehicles and 
personnel provide a high risk for the 
spread of infection to other premises 
• All disposal options that are off the farm 
of origin will require effective biosecure 
transport as a pre-requisite 
• The cleaning and disinfection of the outer 
surfaces of equipment such as cranes, 
containers and vehicles should be closely 
managed 
• Movement of vehicles equipment and 
personnel from infected or high risk sites 
should receive special attention 
• Vehicles and containers used for disposal 
should be leak proof and include sufficient 
absorptive materials to absorb any liquids 
released en route 
• The availability of vehicles of the required 
type will be a major determining factor of 
the feasibility of any disposal option 
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5. Public/Stakeholder/ 
Industry/Political Opinion 
and Community Concerns 
• How do public (including 
Maori / industry stakeholder / 
farming groups) opinions 
align with disposal options? 
• Is there consensus regarding 
support for or against a 
disposal option? 
• Are Industry Standards and 
farmer concerns reflected in 
the choice of disposal 
options? 
• Will decisions regarding 
disposal options have the 
support of those with political 
influence and acceptance by 
those who could challenge it 
legally? 
• Can the disposal options 
decision process withstand a 
legal challenge? 
• Disposal options decision 
outcome is supported by 
those with political influence 
and can withstand political 
opposition or challenge 
 
• Will the option being considered raise 
community concern? 
• This may be a more significant factor at a 
regional or local level 
• Cultural, customary, spiritual and Maori 
concerns need to be included when 
considering disposal options 
• Proximity of operational activity to human 
habitation and failure to adequately 
consult and inform the local community 
will increase concerns 
• The specific location of the operation will 
likely cause a greater level of concern 
than most other factors 
• Ongoing communication and liaison with 
both local community and individual 
affected people is the key to addressing 
their concerns 
• Is the method consistent with industry 
standards and agreements? 
• Is the disposal option acceptable to 
farmers and industry groups 
• Standards vary from industry to industry 
and geographically 
• The specific location of the outbreak may 
also be a factor 
• Standards and agreements need to be 
considered both at a national as well as 
regional and local levels 
• Farmers will be particularly sensitive to 
the safety measures taken to prevent 
spread of the disease by disposal method 
selected and the transport of  dead 
animals to the disposal site 
• Compensation of owners for their loss of 
animals or for burial or burning sites will 
improve acceptability 
• Disposal options decision process is 
agreed and accepted by participants 
(even if they do not necessarily agree  
with the outcome) 
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6. Legislative and Regulatory 
Requirements  
• Are appropriate 
administrative and legislative 
mechanisms in place to 
implement a disposal plan? 
 
• Does the disposal option meet legislative 
requirements 
• Can the necessary regulatory approvals 
be obtained? 
• Environmental legislation e.g. 
Environment Act and associated 
regulations needs to be considered. 
• Other legislation will also need to be 
considered 
• Management of Hazardous Substances 
• Dangerous Goods 
• Safety in the workplace 
• Public Health  
• Resource management regulations and 
rules administered by Regional Councils 
and Territorial Authorities  
7. International organisations 
and trading partners 
• Does the disposal plan align 
with International 
Agreements and Standards? 
• Is the disposal plan 
acceptable to international 
jurisdictions and trading 
partners? 
• Is the disposal option consistent with 
international agreements and standards? 
• The international community will influence 
the timing of resumption of trade after a 
FMD outbreak 
• The confidence of the international 
community will be enhanced by the 
correct use of internationally accepted 
methods of control and eradication. 
8. Economic Impacts  
• What are the short and long 
term economic impacts of the 
disposal plan 
• Disposal options used has a significant 
effect on economic impacts 
• Longer term commitments to 
maintenance, monitoring and 
environmental rehabilitation of disposal 
sites also need to be included for  
consideration  
• Cost benefit analysis 
• Compensation costs 
• Value of trade commodities 
• Costs of other response  activities 
• Cost of disposal  activities 
• Effects on other sectors  
o Tourism 
o Other 
• Other economic tools 
o Partial analysis 
o Marginal analysis 
• Cost-effectiveness analysis 
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9. Human / Physical 
Resources and Logistics 
• Are there sufficient human 
and physical resources for 
implementation of the 
disposal plan in the field? 
• Are there sufficient human 
resources to deal with the 
components of a disposal 
plan that are not field 
activities?  
• Are domestic or international 
human resource reserves 
available if needed? 
• Are there sufficient resources 
to maintain security of High 
Risk and Disposal sites? 
• Can the available resources 
cope with a need for rapid 
scaling up to deal with a 
much larger than expected 
disposal requirement? 
• Does our knowledge of 
availability and capacity 
influence the choice of 
disposal options ? 
• Are the logistical 
arrangements in place for 
disposal of items other than 
carcasses? 
 
• Sufficient human resources are available 
for immediate deployment (sourced from 
domestic or international resources that 
have been appropriately trained) 
• Movement of people and equipment on 
and off high risk and disposal sites needs 
to be strictly controlled 
• Prevent scavengers, other vectors 
including birds and wild or feral animals 
from gaining access and increase the risk 
of the spread of disease. 
• Availability of 
• Sufficient and well trained and/or skilled 
staff  for both short and  extended and /or 
large operations  
• Technical and inspection personnel who 
are usually in short supply 
• Equipment and supplies for each 
available option 
• Biosecure Transport 
• An assessment of capacities of different 
methods of disposal should be made prior 
to any emergency 
• Other items that will need disposal would 
include  
• Animal products and waste e.g. litter, 
manure, wool, eggs milk and animal feed  
• Non-animal products such as protective 
clothing 
• Availability of 
• Fuel 
• Equipment 
• Manual labour  
• Technical expertise 
• Protection from the weather conditions for 
staff 
• Disinfection facilities for staff 
• Storage and disposal of protective 
clothing; 
• Housing for personnel to minimise the 
spread of infection 
• Facilities for entry and exit control 
• Electricity for night operations 
• Personal facilities for personnel such as 
toilets, drinking water; 
• Communications for personnel – mobile 
phone reception 
• Rendering capacity at rendering plants 
• Arms and ammunition 
• Additional cold storage and holding 
facilities at abattoirs. and rendering plants 
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10. Environment Impact 
• What is the impact of the 
disposal option on the 
environment? 
• Does our knowledge of the 
Physical Geography have an 
influence on the disposal 
option? 
• Does the weather pattern and 
season have an influence on 
the disposal option? 
• Different methods of the disposal of 
dead animals have different effects on 
the environment e.g.  pyre burning will 
produce smoke,  smells and air 
pollution, whereas burial might lead to 
gas and leachate production resulting in 
potential contamination of air, soil, 
surface and sub surface water 
• Do we have sufficient information about 
the physical geography and other 
environmental factors e.g. hydrology, 
geology, soil types that could influence 
the choice of disposal options 
• Does the current forecast for weather 
patterns influence the choice of disposal 
option   
• Does the season of the year affect the 
choice of disposal options 
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Appendix 9: Decision tree 
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Appendix 10 Disposal decision matrix 
Disposal option under consideration? (Circle as appropriate) 
On farm ACI Burial Composting Pyre   
Off farm Direct to 
slaughter 
Rendering ACI Landfill Mass 
burial 
Composting 
 
Other:-------------------------------------------------------------------------------------------------------------- 
Criteria Visual Analogue Scale 
 
1. Time and  Speed of 
Resolution 
 
 
2. Occupational health 
and safety 
 
 
3. Cost Effectiveness  
 
 
 
4. Biosecure Transport   
 
5. Public / Stakeholder / 
Industry / Political 
Opinion and 
Community Concerns 
  
 
6. Legislative and 
Regulatory 
Requirements  
 
 
7. International 
organisations and 
trading partners  
 
 
8. Economic Impacts   
 
9. Human / Physical 
Resources and 
Logistics 
 
 
10. Environment Impact 
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Abstract.  
The present study examined the statutory regulations governing the disposal of dead animal 
carcasses in Nigeria. A detailed literature review of the criminal code (Cap 77 Laws of the 
Federation of Nigeria, 1990), Animal Diseases (control) Act [Cap 18 LFN1990 and a 
structured interview of a hundred and twenty livestock farmers in Enugu State of Nigeria was 
carried out. The Criminal Code and Animal Diseases (Control) Act have numerous 
provisions that offer protection to live animals from being deliberately infested with disease 
and in the case of death strictly specifies the manner in which such dead animal carcass 
shall be disposed. S.456 of the criminal code prescribes a seven years jail term for any 
person who wilfully or unlawfully causes or is concerned in causing or attempts to cause any 
infectious disease to be communicated to or among any animal or animals. S. 244 of the 
same Code makes it unlawful for any person to offer for sale meat of a diseased animal 
carcass. The Animal Disease [control] Act of 1988 in its section 9 provides interalia that 
carcass of a diseased animal shall be disposed by burning or in such other manner as may 
be directed by a veterinary officer. It is trite that practical and sanitary systems for disposing 
dead animal carcasses will help prevents the spread of diseases and protect air water 
quality. The provisions of the statutes examined above appear to be concerned with only 
carcasses of diseased animal. The question that readily comes to mind is that where death 
is as a result of stress (heat or cold) or poor management, is the producer free from liability? 
Results obtained from the structured interview shows that 87% of farmers interviewed 
dispose dead young/immature animal carcasses by burning their carcass whereas 13% 
resort to burying. The carcasses of matured dead animals are offered to the unsuspecting 
consumer as meat. Enforcement of the relevant provision of the statutes mentioned above is 
practically not in place. No prosecution of any offender of the provisions of these statues is 
known. It is concluded that whereas there are enabling statutory provisions that clearly 
stipulates the manner in which dead animal carcass shall be disposed in Nigeria, what 
obtains in practice is totally in contrast with the provisions of the statutes.   
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Introduction  
Nigeria, the most populous black nation is still battling to meet the animal protein 
requirement of its citizens. Average animal protein consumption per caput per day is far 
below the recommendation of national and International organizations. There are clear 
indicators that average animal consumption may have declined to very low levels as 
evidenced by clear clinical manifestations of animal protein deprivation in the diets of 
majority of the population, especially children. 
 
The common animals slaughtered for meat in Nigeria are cattle, goats, sheep, pigs and 
poultry. Others include camel, buffaloes, donkeys, horses, rabbits and other games and 
forest animals that are edible (Addas et al, 2010). 
 
The management of these animals is becoming increasingly difficult in the face of emerging 
climatic variables. The increasing temperature and relative humidity occasioned by changing 
climates have resulted in cases of death as a result of heat stress. There are also cases of 
emerging and re-emerging diseases of animals. Where this disease challenge is not properly 
managed, death may result. What then happens to the carcass of such a dead animal? Are 
there statutory provisos spelling out how such a dead carcass shall be disposed? Where 
such provisos exist, are they followed? These are the basic research questions this paper 
seeks to address. 
 
Materials and Methods 
The study area 
The study was carried out in Enugu State of Nigeria. Enugu State is one of the 36 states in 
Nigeria and is located between latitude 5°56’N and 7° 06’N and longitude 6° 53’E and 7° 
55’E  (Ezike,  1998).  The State has seventeen local government areas (LGA). NPC (2006) 
census report showed that the State has a population of 2,452,996. The vegetation of the 
state is mainly forest type but stretches out into derived savannah in the northern fringes. 
Enugu State experiences distinct wet and dry seasons with a total annual rainfall of about 
1,700 mm (Enugu State Government Official Gazette, No. 25, 1997). Farming is the major 
occupation of people in the state. Major crops cultivated include, cassava, yam, cocoyam, 
vegetables, oil palm etc, while major livestock reared are poultry, goat, sheep and cattle. The 
State has seventeen local government areas (LGAs). ANADEP (2007) report showed that 
Enugu State is made up of three agricultural zones namely: Enugu North Zone, Enugu East 
Zone and Enugu West Zone. 
  
Sampling Technique and data analysis 
The study was conducted using the following approach/methodology (i) review of existing 
regulations on dead animal disposal in Nigeria- This involved a detailed literature review of 
the criminal code (Cap 77 laws of the Federation of Nigeria, 1990), Animal Diseases 
(control) Act  cap 18 of the LFN 1990 and (ii) interview of livestock farmers in Enugu State of 
Nigeria.  The interview was conducted using structured questionnaire designed to capture 
the background information of the farmers, farmer’s awareness on existing statutory 
regulations on dead carcass disposal and methods of carcass disposal systems practiced by 
the farmers. 
A total of 120 Livestock Farmers in the State constituted the population for the study. A 
multi-stage random sampling technique as described by Ozor and Nnaji (2011) was used to 
select livestock farmers in the State. Thus, two (Enugu North and Enugu West) out of the 
three agricultural zones in the state were randomly selected and Two LGAs were also 
randomly drawn from each of the two zones. For Enugu North Zone, Nsukka and Udenu 
LGAs were randomly selected while Udi and Oji River LGAs were selected from Enugu West 
Zone. Within an LGA, two communities were also randomly drawn to give a total of eight 
communities. They include Ibagwa-Ani and Okpuje (Nsukka), Obollo Eke and Amala 
(Udenu), Agbala-Enyi and Ugwuoba (Oji River), and Awhum and Nsude (Udi). Fifteen 
livestock farmers were selected from each of the town community making a total of 120 
respondents. Variables investigated include demographic characteristics of Livestock 
farmers, farmers’ awareness on existing regulatory control on dead carcass disposal, and 
methods of carcass disposal practiced by farmers in the State. Data were analysed and 
presented using frequencies and percentages. 
 
Results and Discussion 
Demographic characteristics of livestock farmers in Enugu State 
Demographic characteristics of livestock farmers in Enugu State are presented in Table 1. 
Most of the livestock owners in Enugu State were men (81.7%) while 22% were females. 
Thus livestock enterprise in the state is a male dominated enterprise. This agrees with the 
findings of Oni and Yusuf (1999). From the analysis, it can be adduced that the number of 
livestock farmers of 52 within age bracket < 30 years is six times those in age bracket 
greater than 50 years with a frequency of 8%. According to Ajala et al. (2007), farmers within 
age bracket (< 30 yrs) are young and can easily take the risk of accepting new innovations 
aimed at improving livestock production. These young farmers can still face the challenges 
of livestock enterprise despite the huge labour demand. 
The results also revealed that majority of the respondents (55%) were married whereas 45% 
were single. Only about 6.7% of respondents were widow/widower. The high number of 
married men in livestock enterprise in the state may not be surprising because farmers rely 
very heavily on family labour which is usually not accounted for in the entire cost of 
production. Livestock farming in the state is the major occupation of majority (58.3%) of the 
respondents. Only about 30.8% of livestock farmers combine livestock farming with other 
businesses like trading. Few civil servants (6.7%) and retirees (3.3%) are into livestock 
enterprise in the state. The involvement of traders, civil servants and retirees in livestock 
production could be a way of diversifying their income base (Nwanta et al., 2011). Recently 
the Federal Government of Nigeria reiterated the need for Nigerian’s to go into farming as an 
alternative source of income for the country outside crude oil. This may account for the 
increase in the number of farmers that are engaged solely in livestock farming. 
The result also showed that majority of livestock farmers were holders of First School 
Leaving Certificates, while 30% had West Africa School Certificate. Farmers with Post 
Secondary Educational Certificates were about 20%. Very few livestock farmers had no 
formal education (5%). The high number of livestock farmers who had formal education 
compare to the low number in those who had no formal education is a welcomed 
development. Similar findings have been documented (Adesehinwa et al., 2003, Nwanta et 
al., 2011). It is obvious that the level of educational development of livestock farmers in the 
study area would help in bridging communication gap between extension officers and 
farmers especially in the adoption and application of new technologies in livestock 
production and management. This concurs with the report by Nwanta et al. (2011) and 
Mishra et al. (2009). Mishra et al. (2009) reported that education and training improves 
business performance and returns of farmers through the adoption of better technology and 
management practices. The study revealed that majority of the farmers (41.7%) had 6 to 10 
years farming experience while about 9.2% had one year farming experience. Sixteen 
farmers (13.3%) had above 10 years farming experience. 
Statutory regulations on disposal of dead animal carcass  
The Statutes examined seem not to provide for the disposal of dead animal carcasses. 
Available provisos are concerned with the disposal of carcasses of diseased animals. Does 
it mean that the Legislators never contemplated that there could be other causes of death 
apart from disease? Or is that the principle that any livestock found dead from unknown 
cause is presumed to have died because of disease applies? See 
agr.wa.gov/FoodAnimal/AnimalHealth/docs/LivestockDisposalManual10709.pdf 
 
S.244 of the Criminal Code Act Cap 77 LFN 1990 provides that: Any person who  
(1) knowingly takes into a slaughter house for the slaughter of any animal intended for 
the food of man the whole or any part of the carcass of any animal which has died of 
any diseases or 
(2) knowingly sales the whole or part of the carcass of any animal which has died of any 
disease or which was diseased when slaughtered is guilty of a misdemeanor and is 
liable to imprisonment for two years. 
 
Paragraph (b) of section 247 of the same code provides that any person who does any act 
which is, and which he knows or has reason to believe to be likely to spread the infection of 
any diseases dangerous to life, whether human or animal is guilty of a misdemeanor and is 
liable to imprisonment to six months. 
 
Sections 8 of the Animal Diseases [Control] Act Cap 18 LFN 1990 also have a proviso that 
further protects the unsuspecting consumer from access to diseased meat. 
 
Subsection (1) of that section provides that: 
any person having in his charge or under his control any animal infected 
or suspected to be infected with any of the diseases listed in the first 
schedule to this Act shall keep such animal separate from other animals 
not so infested or suspected to be infected and shall forthwith give notice 
of the fact of the animal being so infected or suspected to be infected to 
a veterinary officer or the nearest veterinary surgeon or the prescribed 
officer in the Local Government Area. 
 
Subsection (4) further provides that 
A veterinary officer, if he is of the opinion that any animal is infected with any disease, or if 
he has reason to believe that any animal has been exposed to infection shall administer 
veterinary vaccines or biological or issue such orders, directions or prohibitions as he may 
consider necessary or advisable to prevent the spread of the disease and may cause any 
such animal to be slaughtered if he considers that the slaughter of such animal is necessary 
for the prevention of the spread of the disease and shall inform the police forthwith. 
 
Statutory provisions for the Disposal of Dead Animal Carcasses 
According to the final report of the Avian Influenza Control and Human Pandemic 
Preparedness and Response Project (2007) [www.jhuccp.org/whatwedo/projects/avian-
influenza-control-and-human-pandemic-preparedness-and-response], the disposal of H5N1 
infected bird carcasses is primarily determined by the volume of birds, logistics of disposal 
as well as environmental and economic factors. The report identified the following 
technologies as reliable for pathogen inactivation: Rendering, Incineration, Compositing, 
Burial, Land filling and alkaline hydrolysis. 
 
S.9 of the Animal Diseases Act provides that where any animal dies of a disease or is 
slaughtered in accordance with the provisions of this Act or is slaughtered otherwise than in 
accordance with the provisions of this Act and its carcass is in the opinion of the veterinary 
officer infected with disease, such carcass shall be disposed of by burning or in such manner 
as the veterinary officer may direct [see S.9 (1) (a) and (b)]. 
 
S.10 of the Act provides for a punishment of three months imprisonment or a fine of N250 for 
any person who is guilty of an offence, non-compliance or contravention of this Act.  
 
Farmers’ response to awareness of statutory regulation on dead animal carcass in the 
study area 
Table 2 shows the response of livestock farmers to their awareness of statutory regulation 
on disposal of dead animal carcass. Analysis of the result showed that 10% farmers 
representing 84.2% had no knowledge of the existence of regulatory control on dead 
carcass disposal. The remaining farmers, representing 15.8% acknowledge that they were 
aware of existing regulation on carcass disposal in the state. Of the 19 farmers that affirmed 
their knowledge of regulatory control on carcass disposal, 57.9% (11) got the information 
from attending Farmers forum. About 26.3% got the information from radio and television 
broadcast while 10.5% of farmers got the information from attending public health workshop. 
Few farmers sourced the information from the internet. It is surprising that in a state where 
majority of the livestock farmers are educated, and coupled with the existence of agricultural 
extension services, most farmers are yet unaware that they can be sectioned for improper 
disposal of dead carcasses. All the 120 livestock farmers interviewed mentioned that have 
not heard about the prosecution of any livestock farmer in the State by regulation agencies 
for improper disposal of carcass. 
Disposal of Dead Animal Carcasses as observed in the study area 
Table 3 presents farmers response to methods of disposing dead animal carcass. Analysis 
of the results indicated that majority of livestock farmers in the state practice some form of 
waste disposal method or the other. On farm burial of dead carcass (49.2%) was observed 
to be the most practiced method of dead carcass disposal method applied by farmers in the 
state (Figure 1).  
 
This was followed by 
incineration (37.5%), 
compositing (8.3%) 
and landfill (5.0%). 
Rendering as a 
means of dead 
carcass disposal was 
not observed in the 
study area. 
Rendering which is 
the practice of using 
heat to convert dead 
animal carcasses 
and animal by-
products into 
marketable products 
such as meat and bone meal for animal feed, human food additives, or cosmetics (Livestock 
Disposal Manual, 2009) is not known in the area. The suitability of any disposal method is 
dependent on certain criteria among which is compliance with local, state and/or federal 
regulation. Unfortunately, these criteria among others are not being considered by most 
livestock farmers in the study area.  
Majority of the farmers (61.7%) admitted not knowing that burial and incineration methods of 
carcass disposal impose serious environment problems. Only about 38.3% acknowledged 
the fact that both methods when not properly done cause serious environment problems. 
On method of 
disposing dead 
young/immature 
animals, the study 
showed that 104 
farmers 
representing 
86.7% of the 
respondents bury 
dead 
young/immature 
animals on farm 
while 13.3% resort 
to burning (Figure 
2). None of the 
farmers practice 
other methods of 
disposal like 
compositing, 
rendering and landfill for dead young/immature animals. On the other hand, although 
majority of the farmers dispose mature dead animal carcass using on farm burial (46.7%), 
about 12.5% and 0.8% of them practice burning and compositing as means of disposing 
mature dead animal carcass (Figure 3). Of great concern is the number of farmers that 
slaughter and send the carcass to marketing. About 40% of dead mature animal carcass 
finds its way into the market paving way for serious health problems when consumed by 
unsuspecting consumers. This scenario is challenging because dead mature animal carcass 
is not meant for human consumption as this may lead to the spread of diseases, especially 
when the cause of the animal death is unknown. This situation is a very serious and 
challenging one which must be urgently addressed by both the government and non-
governmental organization/agencies.                             
 
Survey report 
showed that 87% of 
the respondents 
dispose dead 
animal carcasses by 
burning their 
carcasses whereas 
only 13 percent 
resort to burying 
and this applies 
where the carcass is 
a very 
young/immature 
animal. Dead matured animal carcasses in most cases find their way into the meat table of 
unsuspecting consumer.  
 Figure 4 shows an incinerating area where immature/young carcasses are disposed off in a 
farm visited.  
 
Figure 4: Incinerating area for dead young/immature animal carcass 
 
As earlier observed the available Statutes appear not to discuss the disposal of dead animal 
carcasses where the cause of death is not disease. This may be in agreement with the 
principle that any livestock found dead from unknown cause is presumed to have died of 
disease. 
 
A very important observation in the Statutes is the importance of the knowledge of the state 
of health of the animal by the farmer and meat dealer. S.22 of the Animal Diseases   
[Control] Act provides that,’ where an owner or person in charge of any animal suffering from 
disease is charged with an offence against any of the provisions of this Act, he shall be 
presumed to have known of the existence of such disease in such animal unless he satisfies 
the court that he had no such knowledge and could not within reasonable time have 
obtained such a knowledge’.   
Respectfully, it is our submission that the provisions of these sections ought to be a strict 
liability offence in cases where any reasonable man would have suspected such a carcass 
to have died of any form of disease.  
 
More worrisome is the fact that the operators of the meat industry in the study area do not 
even know of the existence of this statutes. Results reveal that there is no known offender 
that had been prosecuted for any offence under the statutes considered herein. This 
apparent apathy on the part of all the stakeholders and even the law enforcement officers 
brings to doubt the quality of meat that is continually offered to the unsuspecting consumer 
in the study area.    In this regard we further submit that an enforcement division should be 
mounted within the Nigerian Institute of Animal Science to help check the influx of dead or 
diseased animal carcasses in the meat table of the unsuspecting Nigeria. The choice of the 
Animal Scientist for apprehension of offenders under these provisions is precipitated on the 
fact that by his training the Animal Scientist is the only professional that is on the ground and 
stands better armed with the history of all the animals in his care.     
 
 
 Table 1: Demographic characteristics of Livestock farmers in Enugu State of Nigeria 
Characteristics Number of 
respondents 
Percent
   
Sex   
     Male 98 81.7 
     Female 22 22 
   
Occupation   
      Sole farming 70 58.3 
      Trading and farming  37 30.8 
      Civil servant 8 6.7 
      Others (retiree & farming) 4 3.3 
      No response 1 0.9 
   
Level of education   
      No Formal Education  6 5 
      First School Leaving Certificate 49 40.8 
      West African School Certificate 36 30 
      Post Secondary Education 
(HND, B.Sc, M,Sc, PhD) 
24 20 
      No response 5 4.2 
   
Farmer’s experience   
     1 year  11 9.2 
     1-5 years 40 33.3 
     6-10 years 50 41.7 
     > 10 years 16 13.3 
    No response 3 2.5 
   
Age (yrs)  
, < 30 31 25.8 
30-40 52 43.3 
40-50 29 24.2 
> 50 8 6.7 
   
Marital status  
Married 60 50 
Single 54 45 
Widow/widower 6 5 
 Table 2: Farmers awareness of existing regulatory control on dead carcass disposal  
Activities Number of 
respondents 
Percent
  
Knowledge of regulatory control 
on dead carcass disposal 
  
     Yes 19 15.8 
     No 101 84.2 
   
If Yes, what was the source of 
information 
  
   
          Farmers forum 11 57.9 
          Public Health Workshop  2 10.5 
          Radio/TV 5 26.3 
          Internet 1 5.3 
   
Have you heard of any farmer 
prosecuted for improper carcass 
disposal 
  
    Yes 0 0 
    No 120 100 
   
Improper carcass disposal could 
be source of environmental health 
hazard 
  
    Yes 74 61.7 
    No 40 33.3 
    Don’t know 6 5.0 
   
 
 Table 3: Farmers response to method of dead carcass disposal in Enugu State of Nigeria  
Activities Number of 
respondents 
percent
Which carcass disposal method do 
you mainly practice in your farm? 
  
     Burial (on farm) 59 49.2 
     Incineration 45 37.5 
     Composting 10 8.3 
     Rendering  0 0 
     Landfill  6 5 
   
Burial and incineration imposes 
serious environmental problems 
(eg. pollution of ground waters etc.) 
  
    Yes 46 38.3 
    No 74 61.7 
   
Method of disposing dead 
young/immature animal  
  
     Burial (on farm) 104 86.7 
     Burning 16 13.3 
     Composting 0 0 
     Rendering 0 0 
     Landfill 0 0 
     Others  0 0 
   
Method of disposing mature dead 
animal carcass 
  
     Burial (on farm) 56 46.7 
     Burning 15 12.5 
     Composting 1 0.8 
     Rendering 0 0 
     Landfill 0 0 
    Others (Slaughter and sent to 
market) 
48 40 
 
Conclusions  
There are detailed statutory regulations of dead / diseased animal carcasses in Nigeria. 
Response from livestock farmers in the study area revealed that majority [87 percent]   
disposes dead animals by burning whereas only 13 percent resort to burying dead 
carcasses. The farmers interviewed do not know of the existence of these statutes and no 
farmer had been prosecuted for any offence under the laws considered in this study. 
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Abstract. Response to any reportable disease is marred with many hurdles due to 
logistics, unique farm specifics, local conditions and severity of the disease. These 
issues can be incrementally increased with adverse weather conditions, especially 
winter and minus thirty degree Celsius temperatures. In November of 2010, Notifiable 
Avian Influenza (H5N2) was confirmed in the Province of Manitoba, Canada. The farm 
was quarantined under the Health of Animals Act by the Canadian Food Inspection 
Agency (CFIA), and an epidemiological investigation conducted. To facilitate the 
stamping out policy in the cold winter conditions, it was necessary to develop extensive 
accommodations as part of the Field Emergency Operations Centre to assist staff with 
destruction, disposal, biocontainment and cleaning and decontamination. In addition, 
surveillance activities were completed as part of the disease response. All of these field 
activities required ingenious adaptations to the winter conditions for staff health and 
safety so that the work could be completed safely while working in conditions of snow 
and cold temperatures. 
 
 
Keywords. Disease response, Notifiable Avian Influenza, winter adaptation, destruction, 
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Introduction:  
In late November 2010, Notifiable Avian Influenza (NAI) was confirmed by the Canadian 
Food Inspection Agency (CFIA) on a poultry premises, in the province of Manitoba. At 
this time of year, the average daily temperature was less than -15 C, with lows of -30 C 
or greater overnight. In addition, 30 cm of snow had accumulated on the ground, with 
more snow due in the near future, and this area is very flat with limited trees, so strong 
winds are normal which increases wind chill temperatures.  
Due to these extreme temperatures, it was necessary health and safety to use the 
American Industrial Hygiene Association tables to calculate times of exposure and cold 
stress, and this was determined to be no more than 30 minutes of exposure maximum. It 
was also necessary for logistics to source equipment for staff accommodations on site 
for protection from these conditions during the response period that lasted four weeks. 
The response undertaken during this disease occurrence was guided by the CFIA's 
Notifiable Avian Influenza Hazard Specific Plan (NAIHSP). This plan outlines the disease 
control actions taken, under the authority of the Health of Animals Act (1990), when NAI 
is suspected or confirmed. It is part of an overall management plan used by the CFIA to 
respond to an incursion of any federally reportable animal disease requiring an 
emergency response in Canada. 
During this occurrence of LPNAI, the CFIA's disease control actions were based on four 
major disease control principles: 
1. rapidly detecting newly infected flocks (surveillance); 
2. halting the spread of the disease through movement controls and rapid 
destruction of infected flocks; 
3. organizing movement controls and surveillance on high-risk flocks that are 
epidemiologically linked to an infected flock and flocks in proximity to an infected 
(within 3 km); and 
4. preventing further spread through the effective biocontainment of potentially 
infective material (carcasses, manure, and feed) and cleaning and disinfection on 
infected premises. 
All commercial poultry were subject to disease control actions as a result of this outbreak 
response. Commercial poultry are those raised under Canada’s supply management 
(quota) system (regulated) or those that are for the purpose of selling their products and 
by-products for financial gain outside the quota system (non-regulated). Poultry raised 
on a premises as pets, including show birds and rare breeds, were not subject to 
disease control actions during this response. 
CFIA utilizes Incident Command Structure (ICS) as described in the Animal Health 
Functional Plan (AHFP). There is an Emergency Operations Centre (EOC) located 
remote from the infected premises for all staff to control the response and a Field 
Emergency Operations Centre (FEOC) located on the infected premises for operations 
staff. 
Field Emergency Operations Centre:  
The FEOC provides operations staff with a clean area to stage the response, for the 
various teams that include destruction, disposal, C & D, and biocontainment. The FEOC 
is staged on the infected premises, but is located away from all sources of infection and 
is designated as the clean zone utilizing biocontainment principles. 
In the past military style inflatable tents were utilized as a staging site or office, however 
with the cold weather predicted, logistics were able to locate a self sufficient trailer with 
fold outs from the local community college. These trailers are used in remote locations 
for the purposes of training, and is equipped with a diesel generator for electricity and a 
heating system. With the two full length fold outs, it provided a comfortable staging area 
for staff, and was divided into work areas for supplies, work space, comfort, food and 
beverages, and a designated field incident commander area. In addition, portable toilets 
were available on site, that were equipped with heaters and lights due to the cold 
temperatures and lack of day light. 
This FEOC consisted of the staging trailer, tents for doffing of PPE to remove staff from 
the hot zone, and a trailer for staff to shower off the site, and are explained in the 
biocontainment section. 
Surveillance:  
Teams consisting of three members each, were staged out of the district office, so that 
staff remained separate from field operations staff. They were required to be self 
sufficient, and to maintain biosecurity both entering and leaving the premises. This was 
achieved by the use of a rental cube van. Staff would prepare the van in the morning 
with supplies, travel to the premises to be tested, and maintain the van as the clean 
zone. Two staff would prepare to enter the barn(s) to collect samples, while the third 
member remained as biocontainment officer. The van provided protection from the 
winds, and also prying eyes. As staff exited the barn, the biocontainment officer assisted 
staff in the doffing process, and decontamination of samples. Staff then entered the van 
thru the back, donned clean coveralls and travelled back to the FEOC for showering out. 
 
Destruction: 
CFIA utilizes CO2 whole barn gassing.  Modifications were required to the procedures to 
assist staff working in the outdoor conditions, which included additional staff to limit 
exposure and detailed staging of equipment for efficiency during the process. 
 
Disposal: 
Composting is the preferred method of disposal by the CFIA. In-barn biologic heat 
treatment (BHT) of carcasses, feed, and litter inactivates the virus in the composted 
material, so it can be safely removed from the barn(s) without risk of spreading virus to 
surrounding poultry operations. 
On the infected premises, (turkey) carcasses, feed, litter, and bedding (straw) were 
disposed using in-barn composting, according to the CFIA risk assessment (024) 
"Hazard Identification on Release Criteria For Poultry Compost Piles Containing HPAI 
H5N1 Positive Poultry Carcasses, Crushed Eggs, Litter and Feed," which has 
prescriptions for the building and monitoring of the compost piles daily for temperature to 
ensure inactivation of the virus. 
Composting was not the primary option in this case due to winter conditions for the 
secondary compost pile and the potential for a wet summer may impact the utilization of 
the compost when complete. A modified plan was developed, where primary composting 
or BHT was utilized to inactivate the virus and then the material was transported 
securely to a landfill for containment. 
Biocontainment: 
The CFIA has been conducting cold weather studies to develop and validate 
biocontainment protocols, especially decontamination during cold temperatures. These 
studies have developed protocols for the addition of propylene glycol to Virkon ® to 
maintain effectiveness, plus a temperature versus time table for decontamination. As 
temperature is decreased, time is required to be increases to ensure decontamination. 
The purchase of a Hotsy ® self contained heated water pressure washer provided a 
more than adequate source of hot water or steam for washing vehicles or equipment to 
prepare for decontamination prior to leaving the infected premises. 
A five (5) person biocontainment team was established at the infected premises to assist 
operations teams in the use, maintenance, and preparation of PPE. Biocontainment 
team members assisted employees who entered the infected premises with the donning 
and doffing of their PPE, and monitored compliance with protocols. 
As part of the field biocontainment protocol, tents were provided for deconning staff out 
of the hot zone. These were maintained with oil heaters and insulation was utilized to 
cover the ground to give staff a dry and comfortable work area. 
In addition, a HAZMAT decon trailer was sourced from the local fire department that 
contained a water heater. This was utilized at the end of the each working day for staff to 
shower off of the premises. The trailer was insulated with rigid foam insulation panels 
and heated with an oil heater. Water was supplied from a clean source on the premises. 
Occupational Health and Safety: 
A CFIA Occupational Health and Safety (OSH) advisor was on-site during the response 
activities. The role of this individual was to monitor compliance with federal occupational 
health and safety legislation, safe work practices and hygiene procedures.  
The CFIA provided employees with biosecurity training sessions respective to their 
tasks. A buddy surveillance system with walkie talkies was implemented to minimize the 
risk of accidents or biocontainment breaches, and provided all staff a method of contact 
for efficiency.  
Conclusions: 
Through the use of lessons learned from previous outbreaks, the implementation of ICS, 
and the development of precise logical planning, the various working groups were able 
to develop plans for adverse weather conditions that were implemented on site with the 
assistance of the logistics division to source locally. 
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Dr. Van Dang Ky, Chief of Epidemiology Division 
Department of Animal Health (DAH), MARD, Vietnam 
 Vietnam is an ASEAN country where livestock population is quite high with about ten 
millions of cattle and buffaloes; more than 28 millions of pigs; 290 millions of poultry; and six 
millions of dogs and cats as pets and house safeguards. However, small-scale in animal 
production and low vaccinating rate are causing difficulty in animal disease control; and are 
affecting to livestock development and economy growth as well. Zoonoses in Vietnam can be 
listed with H5N1 Highly pathogenic avian influenza, Leptospirosis, Rabies, Anthrax, 
Streptococcus suis, Salmonellosis, Erysipelas suis, Colibacillosis and Trichinellosis. The 
details of these diseases as follow:  
CURRENT STATUS OF HPAI IN VIETNAM 
Avian influenza viruses of the H5N1 subtype continue to circulate in poultry in Vietnam with 
sporadic cross over into humans and other species. As of March 2011, Vietnam has reported 
119 confirmed human cases of influenza A (H5N1) of which 59 were fatal (Table bellows 
provides details of human cases reported each year since 2003). This represents 23% of the 
total number of human cases reported worldwide and 19% of the deaths; only Indonesia (172 
confirmed cases) and Egypt (127) have had more cases and only Indonesia has had more 
deaths (142). 
Human cases of Influenza A(H5N1) (no. of cases/no. fatal) 
2003 2004 2005 2006 2007 2008 2009 2010 2011 Total 
3/3 29/20 61/19 0/0 8/5 6/5 5/5 7/2 0/0 119/59 
Since the peak in cases among humans and poultry in 2004-05, the number of reported cases of 
H5N1 HPAI has fallen in Vietnam, suggesting that the measures taken to control and prevent 
this disease are working.  
  2 
A timeline of HPAI H5N1 in Vietnam: 2003-2011
0
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HPAI Poultry outbreaks H5N1 Human Cases
No. outbreaks
2010
Up to 267
2009200820072006200520042003
Tet period
Feb 9-11, 2004
2nd wave: 2004/5
2 mil. Poultry culled
3rd wave: late 2005
4 mil. Poultry culled
4th wave: 2006/ 2007
99,040 Poultry culled
5th wave: mid 2007
169,188 Poultry culled
Harvest 
period
Duck hatching ban lifted 
28 Feb 07
Tet period
Feb 16-21, 2007
Sporadic outbreaks 
1st wave: 2003/4
45 mil. Poultry culled
Tet period
Jan 26-31, 2009
Tet period
Feb 15-18, 2010
Tet period
Feb 6-11, 2008
Tet period
Feb 11-13, 2005
Tet period
Feb 2-7, 2011
2011
2003: 3 human cases (3 fatal)
2004: 29 human cases (20 fatal)
2005: 61 human cases (19 fatal)
2006: No human case reported
2007: 8 human cases (5 fatal)
2008: 6 human cases (5 fatal)
2009: 5 human cases (5 fatal)
2010: 7 human cases (2 fatal)
2011: No human case reported so far
Data source: DAH and WHO
Update 09 Mar 2011  
In Vietnam, the rapidly changing livestock sector, strong political and operational support, and 
improving collaboration between animal and human health sectors for surveillance, outbreak 
responses, planning and research provide an opportunity to better understand the epidemiology 
of HPAI and to develop effective multi-sectoral strategies encompassing prevention, early 
detection and response. Lessons learned in Vietnam are of benefit in addressing HPAI 
throughout the region, and have utility in tackling a broad range of endemic and emerging 
diseases locally, regionally and globally. 
LEPTOSPIROSIS 
Leptospirosis is reported every year in some provinces as a sporadic disease. There is 
an evidence of leptospira circulation in pigs by sero-positive detection in breeders during 
surveillance activities in pig farms.  
RABIES 
 Dogs are in the whole country. Most of them are local breeds serving as house 
safeguards or human consumptions. Some exotic breeders are keeping in urban areas. Higher 
dog population is found in delta regions, cities, towns. Many families keep one dog only while 
others keep 3-4 dogs. Many houses keep cats, too. The dog and cat population is estimated 
about 6 millions. Pet management as well as rabies monitoring from province level to district 
and to commune levels are still weak. Many dogs are kept as stray dogs, no dog neck holders, 
no dog muzzles, no rabies vaccination and no animal registration to competent authorities or  
veterinary officers.  
ANTHRAX 
 The disease has been controlled in Vietnam since 1990s. However, anthrax is reported 
in some mountainous provinces in the north because they did not follow strictly Regulations of 
the Ministry of Agriculture and Rural Development on outbreak management, vaccination in 
old outbreak areas, low awareness of local people on the disease, even some human cases 
including fatals were reported by consuming infected cattle or buffaloe meat.  
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STREPTOCOCCUS SUIS 
The disease appeared in Vietnam in 1980s. Many cases were reported in co-infection 
with swine pasteurellosis causing pneumonia syndrome, skin ulcers, and deaths. In recent 
years, the National Institute for Veterinary Research has isolated 35 serotypes, including 
serotype 2 with 8 sub-types. However, since 2007, there have been no reports on outbreaks of 
Streptococcus suis or clusters of cases in pigs in Vietnam but there are still human cases 
reported even though deaths by streptococcus suis.  
SALMONELLOSIS 
 Salmonellosis is occurring in many areas but is focusing on the south of Vietnam. 
There are one-third provinces in whole country report the disease every year. There are 
thousands of communes, hundreds of districts reporting the disease. There are several 
thousands of pigs infected and disposed. The disease detected mostly in sows without 
vaccination and weaning piglets. The diagnosis mainly bases on clinical signs. Salmonellosis is 
also remarked as co-infection with classical swine fever, pasteurellosis. The control measures 
applied in the fields are vaccination, and treatment of infected pigs.  
      
ERYSIPELAS SUIS 
The disease is reported sporadically in some provinces, many of them in the north of 
Vietnam. The disease control measures are compulsory vaccination in old outbreak areas. 
Infected animals can be treated by antibiotics for Positive gram bacteria. Besides, control 
disease in abattoirs is effective.  
E.COLI 
     E.coli is a common disease in pigs that causes several thousands of pigs infected, 
thousand heads died and disposed.  
TRICHINELLOSIS 
          The first report on Trichinellosis in Vietnam in 1967 in persons who consumed infected 
pork in two Northern provinces. The new outbreaks reported in 2008 in 12 villages of 3 
communes of Bac Yen district in Son La province. There were 158 positive samples in 735 
samples tested in pigs. The disease caused 23 human cases including 2 fatals.  
 The disease control measures in the future will be communication to improve public 
awareness on the dangers of the diseases; improvement of vaccination rate; strengthening 
disease detection/reporting/surveillance/outbreak response; animal quarantines at border gates; 
construction on guidelines/instructions/legal documents regarding disease control and 
prevention; establishment of national programmes for prioritized diseases; improvement of 
laboratory capacity to diagnose the diseases.   
 Recommendations and suggestions: In order to obtain an effective zoonoses control and 
prevention, a surveillance and monitoring programme between Public health and Animal 
health should be established; Co-operation between these two sectors should include 
information sharing, risk factors sharing, laboratory capacity improvement to diagnose 
  4 
zoonoses including rabies and some exotic diseases such as BSE, Nipah, etc; Collaboration of 
Public health and Animal health in science researches, training and education for personnel 
involving in zoonoses control and prevention.  
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Abstract.  A prototype transportable gasifier intended to process 25 tons per day of animal 
mortalities (scalable to 200 tons per day) was built as part of an interagency effort involving 
several federal agencies as well as the State of North Carolina.  Initial testing of the prototype 
demonstrated partial success, in that the transportability and rapid deployment requirements 
were met.  However, the throughput of animal carcasses was approximately 1/3 of the intended 
design capacity.  With support from the U.S. Department of Homeland Security, further design 
modifications are being made on the unit in order to increase its operating capacity to its rated 
design throughput.  Once these modifications are complete, testing will be performed to 
demonstrate the throughput as well as to demonstrate the unit’s ability to operate around the 
clock for an extended period of time.  This paper gives a status update on the project’s 
progress. 
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Introduction 
The U.S. Department of Defense (DoD) Technical Support Working Group (TSWG), in 
collaboration with the U.S. Environmental Protection Agency (EPA) and the U.S. Department of 
Agriculture's Animal and Plant Health Inspection Service (USDA/APHIS), built a transportable 
gasifier with the goal of processing large quantities of animal carcasses and plant materials 
resulting from agricultural emergency events. This unit may be useful for other homeland 
security-related events as an on-site treatment/disposal process.  This gasifier converts 
biomass material into an inert ash and a combustible synthesis gas that is burned in a 
secondary combustion chamber (BGP Inc. 2008). 
Performance testing on the prototype unit using a mixture of poultry and swine carcasses was 
performed in 2008 to evaluate the unit’s potential throughput and environmental impact both in 
terms of air emissions and ash characteristics.  The complete data set from the source 
emissions testing can be found in a published EPA report (Lemieux 2008) and further analysis 
can be found in additional symposium papers (Lemieux, Brookes et al. 2009; Lemieux 2010).  A 
second, shorter performance test was conducted in 2010 mainly to evaluate material throughput 
issues. 
Current Prototype Description 
The BGP-D1000 gasifier (BGP, Inc.) is designed to process 25 tons per day of feed material, 
using a series of chambers, each with different fuel/air stoichiometry.  Two independent primary 
combustion chambers (PCCs), operating sub-stoichiometrically under natural draft, feed into 
two independent secondary combustion chambers (SCCs), thus achieving a quasi-steady-state 
operating mode.  The PCCs serve to create the oxygen deficient atmosphere to gasify the 
carcasses.  Heat from the SCCs provides the PCC hearth with thermal energy, and the SCCs 
provide for burnout of any combustible gases leaving the PCCs.  The thermal inertia of the 
hearth prevents significant PCC temperature loss when high water content materials are 
charged onto the hearth.  The unit operates on natural draft without requiring an induced draft 
fan.  Up to eight units can be used together with one macerator to achieve larger capacities, up 
to approximately 200 tons per day, comparable to other large capacity fixed-site technologies.  
The macerator is used to grind the animal carcasses into a size capable of being pumped to the 
feed distribution system and deposited onto the hearths.  The macerator was loaded using a 
”skid steer” type front end loader with a nominal bucket capacity between 500 and 600 lb.  The 
gasifier is designed to operate 24 hours per day for an extended period of time before any 
maintenance shutdowns would be required, provided that the auxiliary fuel tanks are refilled.  
Figure 1 gives a graphic depiction of the gasifier’s design concept. 
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Figure 1. Gasifier Concept Schematic (Courtesy BGP, Inc.) 
The gasifier unit is equipped with a telescoping stack (34-inch diameter and approximately 12 
feet high) projecting above the gasifier.  A 34-inch diameter dilution air inlet at the base of the 
stack allows for control of the natural draft that draws the air through the PCCs and draws the 
combustion gases through the SCCs. 
Four burners (two were redundant), each capable of firing 8 gal/hr of No. 2 fuel oil, were 
mounted in the duct between the PCC and SCC (i.e., two burners on each side).  These burners 
provided initial heat to make the hearth hot enough to initiate gasification in the PCCs.  The 
burners also provided process control to maintain predetermined temperatures in the SCCs.  
Each burner was fed from a fuel tank mounted on the trailer. 
The gasifier unit was designed with a reservoir at the back end of the primary chamber to collect 
ash from the hearths.  An ash removal auger was intended to periodically remove the ash to 
metal bins outside the gasifier.  However, the ash removal auger was damaged during startup 
and did not work throughout the tests.  There was no way to quantify the amount of ash 
produced in the process. 
The primary sampling location was the stack of the gasifier.  An ambient total particulate 
sampler located near the dilution air inlet quantified the contribution of the dilution air to the 
stack particulate loading.  The target stack gas constituents and parameters of interest are: 
 Particulate matter (PM); 
 Metals; 
 Acid Gases (HCl/Cl2); 
 Dioxins/furans; 
 Combustion gases (oxygen (O2), carbon dioxide (CO2), carbon monoxide (CO), nitrogen 
oxides (NOx), sulfur dioxide (SO2), and total hydrocarbons (THC); 
 Periodic grab samples of the gasification product gas in the PCCs (i.e., synthesis gas) 
through sampling ports near the exit of the left primary chamber (when looked at from 
the end with the doors); 
 Temperatures and flow rates at all sampling locations and within the system where 
practical; and 
Secondary Chamber
Feedstock
 
Primary ChamberB
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 Ash after it was augered.  However, the auger failed during startup.  Therefore, ash was 
pulled out the front (through the open doors with a rake) when the manual 'push back' 
was occurring. 
During performance testing, the unit operated at approximately 30-40% of its design capacity 
during the tests.  The average carcass feed rate over all tests was 0.32 tons/hr, about 1/3 of 
target.  Because of the lower feed rate, fuel usage ranged between 11 and 16 gal/hr, which was 
close to the nominal firing rate of the burners.  Lower fuel usage would probably have been 
achieved had the throughput been closer to the design capacity, since the heating value of the 
synthesis gas produced in the PCCs is combusted in the SCC to heat the hearth.  Average 
emissions of each measured pollutant in terms of lb per hour and in terms of lb per ton of 
carcass are shown in Table 1.  A more detailed discussion of the emissions, their comparison to 
other conventional combustion sources, and their implications can be found in the final report 
from the first test series (Lemieux 2008). 
Table 1.  Emissions from Initial Gasifier Performance Test 
Pollutant Average 
lb/hr 
Average lb/ton of 
carcass 
Total Filterable 
Particulate 
0.297 0.93 
PM10 0.297 0.93 
Organic Condensable 
Particulate 
0.022 0.07 
Inorganic Condensable 
Particulate 
0.120 0.37 
Total Particulate 0.439 1.37 
   
Hydrogen Chloride 0.27 0.84 
Chlorine as Cl2 0.173 0.54 
   
Antimony ND ND 
Arsenic 1.04E-05 3.25E-05 
Barium 5.16E-05 1.61E-04 
Beryllium ND ND 
Cadmium 1.08E-04 3.38E-04 
Chromium 6.11E-05 1.91E-04 
Cobalt ND ND 
Lead 5.50E-05 1.72E-04 
Manganese 4.69E-05 1.47E-04 
Mercury ND ND 
Nickel 1.00E-04 3.13E-04 
Selenium 4.11E-05 1.28E-04 
Silver 7.23E-06 2.26E-05 
   
PCDD/F Total 1.24E-09 3.88E-09 
PCDD/F TEQ 1.75E-11 5.47E-11 
ND = Not detected. 
Discussion of Design Deficiencies 
Many aspects of the initial performance testing that satisfactorily met the required criteria for 
acceptance of the technology.  Some of the successfully achieved requirements included: 
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 Transportability over primary and secondary roads; 
 Ability to begin operations within 24 hours of arriving on site; 
 Operation of the burner system; and 
 Operation of the material feed system. 
However, there were a number of design deficiencies that were not overcome either during the 
initial performance test in 2008 or the follow-on tests in 2010.  These design and/or operational 
deficiencies included: 
 The current feed system is not able to handle equine or bovine carcasses due to cost 
considerations when the prototype was built; 
 The ash removal auger system failed during the 2008 performance test and although it 
was repaired for the 2010 performance test, operating time was insufficient to provide 
enough ash to test the ash removal auger system; 
 The current material feed system introduces an amount of material into the gasifier equal 
to the amount of material fed into the macerator, making it difficult to control the 
distribution of feed onto the gasifier hearth; 
 The oil-fired burners initially provided with the prototype (a design decision made to 
minimize the need for multiple types of fuel to be delivered in the field) offer poor 
turndown ratios and difficult ignition.  The oil-fired burners could not be replaced while 
the unit was hot; 
 The electrical system of the gasifier was not effectively shielded from heat; 
 A significant amount of manual labor was required both on the ground and on the top of 
the gasifier to feed a batch of material into the gasifier. The manual labor requirement 
not only complicated the feeding procedures but also made all-weather operation of the 
gasifier somewhat problematic due to the need for personnel to be on top of the unit 
potentially during thunderstorms; 
 No automated system for distributing the feed materials on the hearth was available; and 
 No automated system for pushing the combusted material back to the ash removal 
section of the gasifier was available. 
Planned Modifications 
Initial observations from the two performance tests highlighted potential system modifications 
that could be made to bring the prototype unit up to the level of meeting the defined set of 
operational requirements originally specified.  These planned modifications include: 
 Replacement of the burner system with gas-fired burners to improve the ability to control 
the temperature in the gasifier, to offer improved turndown ratios, to simplify the burner 
electronics, and to allow for hot-swapping of burners in the case of a burner failure (this 
will increase reliability of the unit); 
 Replacement of the fuel system to include liquified propane (LP) gas fuel for the burners.  
Although use of LP will necessitate delivery of diesel fuel for the generator and LP fuel 
for the burners, delivery of two fuels to the site would not unnecessarily complicate 
operational logistics (this will increase the reliability of the unit); 
 Modification of the material feed system with a pre-breaker to allow for processing of 
larger animals, including bovine and equine carcasses (this will increase the ability of the 
unit to process a wider variety of animal carcasses); 
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 Modification of the material feed system to provide for more precise control over how 
much material is fed into each region of each hearth upon each feed event (this will 
increase the throughput of the unit); and 
 Modification of the hearth material distribution to allow for automated spreading and ash 
movement (this will increase the throughput of the unit). 
To continue development of the gasifier technology, financial support from the Department of 
Homeland Security (DHS) has been received and a series of planned modifications is being 
initiated.  These modifications will culminate in two tests: 
 A throughput performance test to evaluate maximum material throughput including 
limited testing of air and ash quality to identify appropriate operating envelopes for 
different foreign animal diseases.  These tests will determine the unit’s nominal 
operating capacity for the second set of tests; and 
 A long-term operation test where the unit is operated at its nominal operating capacity 
for 72 continuous hours. 
Documentation of the operation of the gasifier, changes in fuel usage and efficiency, and 
development of training materials for operator personnel will be an additional goal of the 
planned tests. 
Conclusions 
A prototype transportable gasifier, intended to thermally process contaminated animal 
carcasses and plant matter, was constructed and tested, with some design requirements met 
and others not met. 
A series of design modifications is being planned and performed at this time to address design 
deficiencies of the prototype so that this technology can be included in the toolbox of available 
technologies for mass disposal of animal mortalities. 
These design modifications will culminate in two tests: a maximum throughput capacity 
performance test and a 72-hour long term operation test. 
Testing is scheduled for late 2012. 
Disclaimer 
The U.S. Environmental Protection Agency through its Office of Research and Development 
managed the research described here. It has been subjected to the Agency’s review and has 
been approved for publication. Note that approval does not signify that the contents necessarily 
reflect the views of the Agency. 
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 Abstract 
Options for the storage and disposal of animal carcasses are extremely limited in the EU 
after the introduction of the EU Animal By-Products Regulations, leading to calls by the 
livestock sector for alternative methods to be validated. Novel storage technologies such 
as bioreduction may be approved under the ABPR provided that they can be shown to 
prevent pathogen proliferation. We assessed the efficacy of bioreduction vessels as a 
mechanism of storing and reducing the volume of fallen livestock prior to ultimate 
disposal. Two experimental scenarios were tested: (1) a single input of 300 kg of dead 
sheep with no further inputs for 3 months, and (2) a continuous ‘on-farm’ addition of 
dead sheep over 12 months (ca. 2-3 t animals vessel-1). The trials involved half-filling the 
bioreduction vessels with water, addition of the dead sheep with subsequent heating 
(40°C) and aeration of the liquor. Our results showed almost complete liquefaction of 
carcasses alongside a significant bioreduction in the volume of the liquid. Detailed 
parallel laboratory trials validated that Salmonella enterica, Enterococcus faecalis, 
Campylobacter spp. and Escherichia coli O157 levels decrease during bioreduction. This 
study shows that bioreduction can provide an effective and safe on-farm storage system 
for livestock carcasses prior to ultimate disposal. We propose that these findings should 
lead to a change in the regulatory framework and that bioreduction is approved for 
industry use within the EU.  
 
Keywords: agriculture; animal slaughterhouse waste; fallen stock; mortalities; zoonoses 
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 1. Introduction 
The implementation of the Animal By-Products Regulations (ABPR, EC No. 
1774/2002) prohibited the burial and burning of livestock carcasses in the EU. Most 
mortalities are now collected by a centralised system and subsequently incinerated or 
rendered off-site. The regulations have caused widespread concern within the European 
livestock industry due to costs, plus the biosecurity and environmental concerns 
associated with the vehicles that travel between farms collecting carcasses for disposal 
(Gwyther et al., 2011).  
Consequently, biosecure and economically viable alternatives for dealing with 
fallen livestock need to be developed and validated for use by the livestock sector. 
Bioreduction is a novel technology that has shown potential as a viable option for storing 
and pre-treating fallen stock prior to disposal (Williams et al., 2009). Bioreduction is the 
aerobic biodegradation of animal by-products in a partially sealed vessel, where the 
contents are mildly heated and aerated and ultimately disposed of via the permitted 
route for ‘Category 1’ material in accordance to the EU ABPR (i.e. via incineration or 
rendering). The process has been shown to reduce the volume of waste and hence the 
frequency of collection, as well as being a practical method for industry (Williams et al., 
2009). However, the EU may only allow for novel alternative methods to be permitted as 
a means of treating fallen livestock after provision of robust scientific data about the fate 
of pathogens within the system. The aims of this work were to evaluate the efficacy and 
environmental compliance of bioreduction as an on-farm containment system for fallen 
livestock from sheep farms prior to disposal. By applying the criteria for ratifying novel 
disposal methods to a storage process prior to disposal (Bohm, 2008), this study will 
help verify whether bioreduction can satisfy these criteria and hence be approved for 
industry use. This paper summarises and combines the findings of two papers previously 
published on bioreduction (Williams et al., 2009; Gwyther et al., 2012).  
 
2. Materials and Methods 
2.1. Vessel design and installation 
Two bioreduction vessels were installed at Bangor University’s Henfaes 
Research Station, Wales. The vessels were constructed from high density polyester and 
thermostable glass fibre and were 2.5 m in diameter and 3 m high, with an internal 
 capacity of 6.5 m3. The vessels were sunk into the ground and then just under half filled 
with water (2800 l). The contents of the vessels was constantly heated to 40 ± 2 °C by a 
heating element encased within an oil-filled pipe running the length of the vessels and 
regulated by thermostats at opposite ends of the vessel. Air was pumped through the 
liquid phase via a perforated plate placed at the base of the vessel at a pressure of 50 
kPa for 45 min h-1.   
 
2.2. Trial management   
The carcass loading rate into the two vessels differed. The first vessel (V1) was 
managed under controlled conditions whereby a single input load of 300 ± 5 kg (9 
sheep) of material was undertaken, with no further addition. The vessel was then left for 
a period of three months at which time the liquid fraction was emptied under vacuum and 
disposed of as for Category 1 material in accordance to the ABPR (Anon, 2002). This 
was repeated twice (to provide a triplicate dataset), with disinfection between each 
stage. The second vessel (V2) was managed as it would be on-farm, i.e. fallen livestock 
were continuously inputted when they arose from the farm’s flock of 1600 sheep. The 
weight and number of all carcasses inputted was recorded and an incision was made in 
the abdomen of each adult sheep immediately prior to placing into the vessels, to 
facilitate biodegradation. Lastly, the water level was maintained so that at least ⅔ of 
each carcass was submerged throughout the trial period.  
 
2.3. Liquor waste collection and analysis 
Triplicate liquor samples were collected from the top (< 10 cm depth) and bottom 
(base) of both vessels approximately every 3–4 weeks for the duration of the trial and 
analysed for their physico-chemical and microbiological properties, as detailed in 
Williams et al. (2009).  
 
2.4. Gaseous emissions collection and analysis 
 Gaseous emissions were analysed from both vessels on corresponding sampling 
dates for liquors. Triplicate measurements were taken directly using a M40 Multi-gas 
monitor (Industrial Scientific UK, Turweston, England) at the opening of the vessels 
(approximately 30 cm away from the carcasses), within the air vent, and 5 m downwind 
of the vessels. Emissions were analysed for the following gases: CO2, CO, O2, H2S, NH3, 
CH4 and water vapour.  
Microbiological analyses on gaseous emissions from the vessels were performed 
using an Andersen pump (Andersen Air Sampler 2000 INC, Atlanta, USA) containing five 
agar plates selective for specific bacterial populations (Williams et al., 2009).   
 
2.6. Survival of pathogens during bioreduction 
Due to the logistical difficulty of growing sufficient volumes of inoculants, a parallel 
laboratory-scale experiment was run to determine the fate of pathogens during 
bioreduction. The bioreduction vessels used were in proportion to field-scale vessels and 
were managed under the same conditions (e.g. in terms of aeration, temperature, and 
water level (Gwyther et al., 2012)). Constituents of sheep carcasses (comprising of 
bone, muscle, rumen material and blood in adequate proportions) were added to the 
vessels, and three were inoculated with a combination of pathogens, with another two 
left as uninoculated controls.   
Following growth of the inoculums to the required density, the treatment vessels 
were inoculated with Enterococcus faecalis, E. coli O157, and two strains each of 
Salmonella and Campylobacter. All bacterial strains were grown from frozen stock using 
approved aseptic techniques and media (Gwyther et al., 2012).  
Liquor samples (25 ml) were recovered and analysed a number of times over a 
period of three months. Samples were homogenised, then serially diluted and plated on 
agar selective for the bacterium sought. Where pathogens were not detected by 
enumeration, enrichment procedures were used to confirm the absence of the micro-
organism (Gwyther et al., 2012). The strain of E. coli O157 used is lux-marked, enabling 
bioluminescence readings to be determined [in relative light units (RLU)] SystemSURE 
18172 luminometer (Hygiena Int., Watford, UK) as a proxy of metabolic activity (Ritchie 
et al., 2003).   
 Bioaerosol samples were also measured over the same time period using an 
Andersen pump, as described previously (Gwyther et al., 2012). 
 
2.6. Data analysis 
Data were analysed by a multi-factorial analysis of variance (ANOVA) and t-tests 
functions accordingly within Genstat 8.1 (Rothamsted Experimental Station, 
Hertfordshire, UK). Significant differences were identified using Fisher’s Least Significant 
Difference (LSD) test within the same software.  
 
3. Results 
3.1. Carcass degradation 
Carcasses started to degrade within a matter of days, so that after three weeks, 
no whole carcasses were evident (Fig. 1). At the end of the first three month run when 
V1 was emptied, only some solid material was present in the form of bones (mainly 
skulls) at the base of the vessel. The rate of carcass breakdown was sufficient in V2 
such that no fallen livestock from the farm’s 1600 ewe flock had to be disposed of via the 
conventional system. In total, 89 adult sheep and 34 lambs were placed into V2, 
equating to 2816 kg of carcasses. V2 only had to be half-emptied once, towards the end 
of the trial period and as the peak period of losses (lambing) was approaching. 
 
  
 
Fig. 1. Sequential carcass breakdown with time in V1. Panels represent different time points (A = day 0 (300 kg of carcasses added); B = day 9; C = day 23; D = 
day 93 (pre-emptying); E = day 93 (post-removal of liquor)). 
 3.2. Liquor waste characteristics  
A summary of the chemical and microbiological characteristics of the wastes from 
both vessels is presented in Table 1. The liquor collected became increasingly viscous 
towards latter stages of the trial, by which time a considerable volume of carcasses had 
been inputted. Samples from the upper layer of the vessels were typically of thicker 
consistency and greater viscosity due to the presence of rumen content and partially-
dissolved wool (Table 1). Liquor pH was slightly–moderately basic throughout the trial 
period, and tended to be highest approximately two weeks into an experimental run in 
V1. Electrical conductivity values in V1 remained relatively stable throughout, but a 
considerable range of values were observed in V2 with very large increases observed 
after approximately 200 d. Moderate levels of nutrients were recovered from the wastes, 
with levels tending to be greater in samples from V2. Notably high levels of cations were 
present in the waste, especially potassium. Dissolved oxygen levels were low on all 
sampling dates and as expected were greatest at the top layers for both vessels.  
Table 1. Physicochemical properties of liquor waste samples from the top and bottom liquid layers within 
both bioreduction vessels over the trial period. Values represent means ± SEM (n = 3 for each sampling 
date, with 11 sampling dates in total), based on wet weight. Temperature values are those taken from 
individual samples immediately after collection.  
Parameter Vessel 1  Vessel 2 Average 
 Top Bottom  Top Bottom  
Temperature (°C) 40.9 ± 1.0 38.7 ± 0.6  41.2 ± 1.1 38.4 ± 0.7 39.8 ± 0.7 
pH 8.68 ± 0.12 8.72 ± 0.10  8.59 ± 0.16 8.71 ± 0.17 8.68 ± 0.03 
EC (mS cm-1) 9.7 ± 0.2 9.8 ± 0.2  17.9 ± 4.3 30.2 ± 3.8 16.9 ± 4.8 
Percentage solids (%) 0.7 ± 0.1 0.5 ± 0.1  8.8 ± 2.3 2.3 ± 0.3 3.1 ± 1.9 
Total C (mg C l-1) 2613 ± 77 2670 ± 84  6188 ± 619 8753 ± 598 5056 ± 1489 
Total N (mg N l-1) 903 ± 13 926 ± 35  1729 ± 259 2746 ± 184 1576 ± 434 
NPOC (mg C l-1) 1996 ± 25 2053 ± 79  5169 ± 850 8130 ± 538  4337 ± 1465 
C-to-N ratio 2.9 2.9  3.6 3.2 3.2 
NO3-  (mg N l-1) 0.14 ± 0.01 0.13 ± 0.00  0.48 ± 0.14 0.18 ± 0.01 0.23 ± 0.08 
NH4+  (mg N l-1) 2.6 ± 0.1 2.6 ± 0.1  9.5 ± 1.1 9.2 ± 1.0 6.0 ± 2.0 
P  (mg l-1) 100 ± 9 87 ± 5  138 ± 25 251 ± 28 144 ± 37 
Ca (mg l-1) 149 ± 27 150 ± 21  277 ± 49 466 ± 43 261 ± 75 
K (mg l-1) 252 ± 13 261 ± 16  432 ± 63 738 ± 39 421 ± 114 
Na (mg l-1) 162 ± 11 166 ± 9  265 ± 45 471 ± 28 266 ± 72 
Dissolved O2 (mg l-1) 0.73 ± 0.1 0.67 ± 0.27  0.43 ± 0.00 0.33 ± 0.13 0.54 ± 0.09 
 
No Campylobacter spp. or Salmonellae spp. were recovered from any sample 
throughout the field-trial period. E. coli O157 was only recovered once during the whole 
trial, from samples taken at both depths in V1 on day 48. Even so, these numbers were 
very low (10 colony forming units (CFU) ml-1) and were only detectable following 
 enrichment. Only low numbers of generic E. coli were recovered, and none were 
detected in samples after day 14 in V1 and after day 28 in V2. Similarly, coliform bacteria 
were only recovered at the first sampling date in V2, and not at all in V1.  
 
3.3. Gaseous emissions characteristics  
There were no differences in gaseous composition in comparison to ambient air 
samples on any occasion at distances of 5 m away from the vessels. Differences were 
occasionally detected in samples taken from within the air vent (e.g. slight elevations in 
CO2 and water vapour); though the greatest effect was seen within the vessel opening 
hatch, as expected (e.g. occasional increased levels of H2S, NH3 and CH4 (Williams et 
al., 2012). For the majority of the trial, little or no odour was detectable until within close 
proximity (i.e. 5-10 m) of the vessels. However, a mild putrescent odour occasionally 
became evident downwind at distances up to approximately 200 m from the vessels. The 
incidence of smell varied according to prevailing weather conditions, e.g. being more 
evident on windless days.  
No Campylobacter spp., Salmonellae spp., E. coli O157, E. coli, or coliforms 
were recovered from any samples of gaseous emissions throughout the trial period.  
 
3.4. Survival of pathogens during bioreduction 
In the lab-trial, the control bioreduction vessels were found to have natural 
populations of Salmonella spp., E. faecalis, and Campylobacter spp., but no E. coli O157 
were detected. Survival of the introduced Salmonella spp. and E. faecalis in the 
inoculated vessels followed similar survival patterns to natural populations in the controls 
(Fig. 3A, 3B). Salmonella spp. numbers remained relatively stable until day 54, after 
which they significantly declined (P <0.05) so that they could only be detected by 
enrichment at the end of the trial period (Fig. 3A). Numbers of E. faecalis generally 
decreased more steadily throughout the trial, although had recovered somewhat in the 
control vessels towards the latter stages (Fig. 3B) (P >0.05).  
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Figure 3. Changes in numbers of Salmonella spp. (A) and Enterococcus faecalis (B) over time in the 
inoculated and control mini bioreduction vessels. The dashed line represents a 5-log reduction in numbers 
from the original starting concentration. Values represent means ± standard error of the mean. 
 
A significant (P <0.05) decline in both the numbers and metabolic activity of E. coli 
O157 were seen in the inoculated vessels (Fig. 4), culminating in a 5-log reduction by 
day 84 and luminescence values falling to below background levels. Campylobacter spp. 
 numbers declined significantly (P <0.05) within the first three days followed by a slight 
recovery, and a subsequent decrease to below detection limits (data not shown).  
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Figure 4. Changes in numbers and metabolic activity (as measured by relative light units of luminescence) 
of Escherichia coli O157 in the inoculated mini bioreduction vessels. The dashed line represents a 5-log 
reduction in numbers from the original starting concentration. No E. coli O157 was present in the controls. 
Values represent means ± standard error of the mean. 
 
No pathogens were recovered as bioaerosols from the control vessels. Low 
numbers of Salmonella spp. and E. faecalis were detected as bioaerosols in initial 
stages of the trial from the inoculated vessels; although no Salmonella were detected 
after the first sampling date and numbers of E. faecalis decreased considerably with 
each sampling date until they were undetectable (Table 2). Neither E. coli O157 nor 
Campylobacter were detected within any bioaerosol samples.  
 
 
 
 Table 2. Detection of bioaerosols from the inoculated mini bioreduction vessels (CFU m-3). Values represent 
means ± standard error of the mean. ND denotes not detected. 
Day Salmonella spp. E. faecalis E. coli O157 Campylobacter spp. 
0 31.9 ± 21.2 15.6 ± 10.9 ND ND 
24 ND 4.4 ± 4.4 ND ND 
57 ND 1.1 ± 1.1 ND ND 
85 ND ND ND ND 
 
4. Discussion 
This is the first trial to investigate the use of bioreduction as a containment 
method for dead sheep and the findings considerably enhance our understanding of the 
system. From a practical aspect, the system offered significant advantages in that fallen 
livestock could be immediately removed from the farmyard and placed in the vessel with 
only minimal processing (incision to the belly) required; and the vessel could be emptied 
by a waste disposal company at a convenient time for the operator. The field trial 
indicated that bioreduction neither generated nor dissipated any harmful gases or 
pathogens. Although odorous emissions were sometimes apparent, recent field trials 
have combated this successfully through incorporation of a biofilter bed (Gwyther et al., 
unpublished). The parallel laboratory trial showed that pathogen levels decreased with 
time. 
For novel disposal methods for animal by-products to be approved for use by 
European legislators, EFSA stipulate that it should lead to a 5-log reduction in the 
numbers of S. Senftenberg and E. faecalis as a measure of biosecurity (Bohm, 2008). 
Bioreduction isn’t however a disposal method for fallen stock, but rather a storage 
system designed to reduce the volume of waste in a safe, contained environment prior to 
ultimate disposal via incineration or rendering (Williams et al., 2009). Over the three 
month laboratory trial period, all microorganisms, with the exception of E. faecalis, had 
reduced by 5-log values, although E. faecalis had also notably decreased by over 4-log 
values. A carcass storage system similar to bioreduction, though anaerobic, was trialled 
by Gutiérrez et al. (2003) and a number of commensal pathogens, including Salmonella 
spp., could not be detected after 55 days. Although their results concur with the ones 
obtained in this current study, a direct comparison isn’t possible due to the difference in 
aeration status of the systems trialled and because Gutiérrez et al. (2003) looked at 
presence or absence of pathogens, rather than numbers. EFSA also stipulate that novel 
 disposal methods for animal by-products should lead to a 3-log reduction in the numbers 
of suitable indicator viruses (Bohm, 2008). Recent trials have indeed shown that levels of 
porcine parvovirus do decrease sufficiently during bioreduction (Gwyther et al., 
unpublished).  
The reduction in numbers of micro-organism witnessed during this trial may be 
explained by a number of factors. Firstly, numerous studies have shown aerobic 
treatment of waste reduces concentrations of pathogenic bacteria classified as 
facultative anaerobes or microaerophilic organisms (Skjelhaugen and Donantoni, 1998; 
Arvanitoyannis and Ladas, 2008). Secondly, pathogens may be out-competed by other 
bacteria within the bioreduction system, and/or be subject to intense predation by other 
microorganisms such as protozoa (Chabaud et al., 2006; Thelaus et al., 2008) and the 
saprophytic flora that decompose organic tissues (Sánchez et al., 2008). The slightly 
alkaline conditions, coupled with high conductivity values in some samples may also 
affect pathogen prevalence by disrupting cell membranes.  
Given that the liquor within a bioreduction system is incinerated in any case, the 
biggest threat to operators could be envisaged as bioaerosol generation, should there be 
pathogens within the liquor. Human and animal infections have occurred through 
bioaerosol formation of Campylobacter (Posch et al., 2006), Salmonellae (Proux et al., 
2001; Oliveira et al., 2006) and E. coli O157 (Varma et al., 2003). Nevertheless, no 
pathogens were isolated in gaseous emissions from the vessels during the field trial, and 
only negligible levels were recovered from vessels inoculated with high levels of each 
pathogen in the lab trial.   
A number of measures were undertaken to validate the microbiological results. 
Firstly, where possible, more than one strain or serotype of each pathogen was added to 
the simulated bioreduction systems so as to negate potential inter-strain variation in 
survival. Whilst natural strains of pathogens may show greater resistance to 
environmental stresses it was evident that survival patterns of introduced strains were 
similar to natural strains within controls for all micro-organisms. Secondly, at each 
sampling date for the field trial, analogous liquor samples were sent to an accredited, 
independent laboratory for screening for two or more bacterial types as further validation 
of our methods and results; and all results obtained were statistically equivalent to ours. 
Thirdly, the use of a pathogen containing the lux gene (E. coli O157) enables real-time 
detection of microbial cells that may have entered a viable but non-culturable state 
 (Ritchie et al., 2003). Bioluminescence measurements for such micro-organisms directly 
reports on bacterial metabolic activity which represents a prerequisite for host infection 
(Unge et al., 1999). Measurements showed that there was a concomitant decrease in 
both numbers and metabolic activity of E. coli O157; hence conditions within the vessels 
were not conducive to the organism’s proliferation. 
In order for bioreduction to appeal to the livestock industry, it must prove to be an 
economically viable alternative to the conventional fallen stock disposal scheme. An 
assessment of the capital outlay and running costs thereafter for bioreduction has 
indicated that the system may provide economic savings to some operators, especially 
to larger producers (Williams et al., unpublished). However, efficiencies in running costs 
are also needed so as to reduce the payback period of the system and to make it 
appealing to farms with smaller numbers of livestock. In comparison, the cost of carcass 
disposal via the conventional method in the EU (centralised collection and disposal off-
site) is expected to rise due to escalating transport costs and the energy-intensive nature 
of rendering or incinerating carcasses (McClaskey et al., 2004). Furthermore, it is 
envisaged that bioreduction vessels could inevitably be produced at a cheaper rate on a 
commercial scale should there be a positive change in the regulatory framework. 
Bioreduction may therefore offer benefits to operators in terms of biosecurity, practicality 
and economics.  
 
5. Conclusions 
From this current trial, it can be concluded that bioreduction could potentially offer 
livestock farmers a practical and biosecure method of containing fallen livestock prior to 
disposal by an approved collector. The findings of the work indicate that the system can 
be soundly considered for industry use by incorporation into revised EU Animal By-
Products Regulations.  
 
Acknowledgements  
We are grateful to the Welsh Government, Hybu Cig Cymru – Meat Promotion 
Wales, BPEX, and NFU Cymru for funding this work.  
  
References 
Anon., 2002. The Animal By-Products Regulation (EC) No. 1774/2002. European Commission, 
Brussels.  
Arvanitoyannis, I. S., and D. Ladas. 2008. Meat waste treatment methods and potential uses. Int. 
J. Food Sci. Tech. 43: 543-559. 
Bohm, R. 2008. The experimental validation and the organisms to be considered in the context of 
the ABP Regulation. European Food Safety Authority, Parma, Italy.  
Chabaud, S., Y. Andres, A. Lakel, and P. Le Cloirec. 2006. Bacteria removal in septic effluent: 
Influence of biofilm and protozoa. Water Res. 40: 3109-3114. 
Gutiérrez, C., F. Ferrández, M. Andujar, J. Martín, P. Clemente, and J. B. Lobera. 2003. Results 
of the preliminary study into: Physicochemical and bacteriological parameters of the 
hydrolisation of non-ruminant animal carcasses with bio-activators. Murcia University, 
Spain. 
Gwyther C. L., A. P. Williams, P. N. Golyshin, G. Edwards-Jones, and D. L. Jones. 2011. The 
environmental and biosecurity characteristics of livestock carcass disposal methods: A 
review. Waste Manage. 31: 767-778. 
Gwyther, C.L., D. L. Jones, P. N. Golyshin, G. Edwards-Jones, and A. P. Williams. 2012. Fate of 
pathogens in a simulated bioreduction system for livestock carcasses. Waste Manage. 32: 
933-938. 
Gwyther, C.L., D. L. Jones, P. N. Golyshin, G. Edwards-Jones, J. McKillen, I. McNair, J. E. 
McDonald, and A. P. Williams. Unpublished. Bioreduction of sheep carcasses effectively 
contains and reduces pathogen levels under operational and simulated breakdown 
conditions. Bangor University, UK.  
McClaskey, J., J. Fox, A. Nutsch, J. Kastner, T. Marsh, O. Doering, and K. Foster. 2004. Carcass 
disposal: a comprehensive review. Chapter 9: economic & cost considerations. National 
Agricultural Biosecurity Center, Kansas State University.  
Oliveira, C. J. B., L. F. O. S. Carvalho, and T. B. Garcia. 2006. Experimental airborne 
transmission of Salmonella agona and Salmonella typhimurium in weaned pigs. Epidemiol. 
Infect: 134,199-209. 
Posch, J., G. Feierl, G. Wuest, W. Sixl, S. Schmidt, D. Haas, F. F. Reinthaler, and E. Marth. 
2006. Transmission of Campylobacter spp. in a poultry slaughterhouse and genetic 
characterisation of the isolates by pulsed-field gel electrophoresis. Brit. Poultry Sci. 47: 
286-293.  
Proux, K., R. Cariolet, P. Fravalo, C. Houdayer, A. Keranflech, and F. Madec. 2001. 
Contamination of pigs by nose-to-nose contact or airborne transmission of Salmonella 
typhimurium. Vet. Res. 32: 591-600. 
Ritchie, J. M., G. R. Campbell, J. Shepherd, Y. Beaton, D. Jones, K. Killham, and R. R. E. Artz. 
2003. A stable bioluminescent construct of Escherichia coli O157:H7 for hazard 
assessments of long-term survival in the environment. Appl. Environ. Microbiol. 69: 3359-
3367. 
Sánchez, M., J. L. González, M. A. D. Gutiérrez, C. A. Guimaraes, and L. M. N. Graciam, 2008. 
Treatment of animal carcasses in poultry farms using sealed ditches. Biores. Technol. 99: 
7369-7376.  
Skjelhaugen, O., and L. Donantoni. 1998. Combined aerobic and electrolytic treatment of cattle 
slurry. J. Agr. Eng. Res. 70: 209-219. 
Thelaus, J., M. Forsman, and A. Andersson. 2008. Role of productivity and protozoan abundance 
for the occurrence of predation-resistant bacteria in aquatic systems. Microb. Ecol. 56: 18-
28. 
Unge, A., R. Tombolini, L. Mølbak, and J. K. Jansson. 1999. Simultaneous monitoring of cell 
number and metabolic activity of specific bacterial populations with a dual gfp-luxAB marker 
system. Appl. Environ. Microbiol., 65: 813-821. 
Varma, J. K., K. D. Greene, M. E. Reller, S. M. DeLong, J. Trottier, S. F. Nowicki, M. DiOrio, E. M. 
Koch, T. L. Bannerman, S. T. York, M. A. Lambert-Fair, J. G. Wells, and P. S. Mead. 2003. 
 An outbreak of Escherichia coli O157 infection following exposure to a contaminated 
building. JAMA-J. Am. Med. Assoc. 290: 2709-2712. 
Williams, A. P., G. Edwards-Jones, and D. L. Jones. 2009. In-vessel bioreduction provides an 
effective storage and pre-treatment method for livestock carcasses prior to final disposal. 
Bioresour. Technol. 100: 4032-4040. 
Williams, A. P. Unpublished. Reducing the costs of bioreduction. Bangor University, UK.  
 
 
4th International Symposium on  
Managing Animal Mortality, Products, 
By Products and Associated Health Risk Dearborn, MI May 21-24, 2012 
 
 
The authors are solely responsible for the content of these proceedings. The technical information does not necessarily reflect the 
official position of the sponsoring agencies or institutions represented by planning committee members, and inclusion and distribution 
herein does not constitute an endorsement of views expressed by the same.  Printed materials included herein are not refereed 
publications. For permission to reprint or reproduce please contact the lead author. Citations should appear as follows. EXAMPLE: 
Authors. 2012. Title of presentation. 4th International Symposium on Managing Animal Mortality, Products, and By‐products, and 
Associated Health Risk: Connecting Research, Regulations and Response. Dearborn, MI. May, 21‐24, 2012.  
 
Energy Flows during Gasification of Specified Risk 
Materials Compost 
 
Gordon W. Price, Ph.D.  
Department of Engineering, Nova Scotia Agricultural College, PO Box 550, Truro, Nova 
Scotia, Canada, B2N 5E3, gprice@nsac.ca  
Lucas Dickie 
Department of Engineering, Nova Scotia Agricultural College, PO Box 550, Truro, Nova 
Scotia, Canada, B2N 5E3, dickiel@nsac.ca  
Written for presentation at the 
4th International Symposium on Managing Animal Mortality, Products, By 
Products, and Associated Health Risk: 
Connecting Research, Regulations and Response  
Dearborn, MI                                                                                 
May 21-24, 2012 
 
Abstract.  
In Atlantic Canada, approximately 8000 tonnes of Specified Risk Materials (SRM) is produced 
annually. Composting offers a means to partially treat and stabilize SRM. A  BGP- 50CF pilot scale 
prototype gasification/combustion system, similar to a downdraft gasifier, was evaluated in this study 
with SRM compost.  This system also has the potential to recover energy from residual agricultural 
biomass.  Composted SRM is the primary source of biomass fuel, while opportunities to co-mingle 
with other biomass residuals will be explored.  Proximate and Ultimate Analysis, as well as heating 
value measurements, were performed prior to processing.  Residual biomass enters the primary 
chamber and is augured across a high temperature refractory bed as it undergoes the stages of 
gasification (drying, pyrolysis, oxidation and reduction).  Product gas is then combusted in an 
afterburner chamber beneath the primary chamber to heat the refractory bed.  Excess energy 
released in the exhaust will be used to heat process water, as well as to pre-dry feedstock before 
entering the system.  Ash product from the system was characterized to evaluate potential as a value 
added product.   
Keywords. Brookes Gasification Process, Specified Risk Materials, Compost, Biomass fuel
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Introduction 
One of the most important challenges facing society today and into the future is satisfying 
consumer and industrial energy demands in a sustainable manner.  Nova Scotia’s 2009 Energy 
Strategy has set a goal to have a minimum of 25% of total energy production be from renewable 
sources by 2015, and are considering a target of 40% by 2020 (Wheeler and Adams, 2009); this 
creates new opportunities for small scale renewable energy generators (Nova Scotia 
Department of Energy, 2009).  There are approximately 7,500 to 8,000 tonnes of Specified Risk 
Materials (SRM) generated in Atlantic Canada annually, which also includes material 
contaminated by SRM (Main, 2007).  The Canadian Food Inspection Agency (CFIA) (2009) 
defines SRM as “the skull, brain, trigeminal ganglia (nerves attached to the brain), eyes, tonsils, 
spinal cord and dorsal root ganglia (nerves attached to the spinal cord) of cattle aged 30 months 
or older; and the distal ileum (portion of the small intestine) of cattle of all ages”.  CFIA 
requirements state that SRM must be used or disposed so that it never re-enters the food or 
animal system, leaving complete destruction of the prions as the only viable option (Dickinson, 
2006). Dickinson (2006) found SRM to have a range of energy content from 25 to 32 MJ/kg, 
giving a potential of around 50 GWh of energy, which could account for 1% of the 25% of 
renewable energy for 2015.  Current destruction options are mainly costly thermochemical 
processes, incineration and alkaline hydrolysis (Fedorowicz et al., 2007; Xu et al., 2008).  Other 
management options include burial (on farm, mass grave, landfill), composting and combined 
thermal reduction and containment (CFIA, 2009).   
Although there are many options for conversion methods and end products, the focus of 
this work is to evaluate one energy conversion system for practical application in commercial 
and industrial sectors in Atlantic Canada.  This system should be the one considered because it 
offers a local disposal solution for hazardous waste biomass material, with the potential to have 
a net positive system energy balance.  A Brookes Gasification Process 50 Continuous Feed 
(BGP-50CF) prototype gasification/combustion system will be evaluated for disposal of 
hazardous waste biomass material and energy production.  The hazardous waste biomass to be 
evaluated includes Specified Risk Materials (SRM) and Municipal Biosolids.  SRM present a risk 
of disease transmission if entered into the food stream, which has led to increasing regulations 
related to the destruction and containment or disposal of SRM.  Current biosolids disposal 
methods are becoming unpopular due to possible heavy metal contamination of soil from land 
application, as well as emissions from inefficient combustion systems.  Half the population of 
Nova Scotia is currently connected to central wastewater treatment facilities (Nova Scotia 
Department of Environment, 2010), producing an estimated 35,000 tonnes of biosolids annually. 
The proposed research will evaluate a BGP-50CF furnace as a mechanism to destroy  
SRM while enabling value added product generation in the form of heat and ash.  After the 
experimental analysis information gathered will become part of the basis toward developing a 
Life Cycle Analysis (LCA) of this waste management system.  Energy components of system 
inputs and outputs for each feedstock will be considered.   
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Materials and Methods 
Study Site and Gasification System 
A biomass gasification study was conducted at the Gasification Facility located at Nova Scotia 
Agricultural College’s Bio-Environmental Engineering Centre (BEEC), Bible Hill, NS, Canada 
(45°23’ N, 63°14’ W). Different treatments of waste biomass residuals were evaluated at varying 
retention times and operational temperatures to determine effect on energy flows through the 
system.  The system used was a research prototype constructed for the Innovative Waste 
Management Research Program at NSAC based on the Brookes Gasification Process (BGP, 
2012).  The unit was designed to have continuous feed capability (Figure 1) and to process 
approximately 50 kg per hour at retention times varying between 15 to 30 minutes.  Figure 1 
shows the front view of the BGP-50CF system, which is similar to a downdraft gasifier.  Biomass 
is fed to the unit through the feed hopper (A) into the primary chamber (B).  Gasification occurs 
in the primary chamber as material is augured across the heated hearth (G).  Product gas from 
gasification flows from the primary chamber through C where it is combusted.  Product heat 
from combustion flows below the primary chamber to the secondary chamber, which provides 
heat for the hearth to drive the gasification process.  Gas flow from the secondary chamber 
continues out the flue stack (H).  An external propane burner (E) provides additional heat to 
maintain a desired temperature for the primary chamber.  Ash product is augured into an ash 
receiving bin (D). 
 
Figure 1. Photo showing the front view of the BGP-50CF prototype gasification/combustion unit.   
Gasification System Measurements 
Temperature is an important factor of interest and was measured with type-k thermocouples at 
several points throughout the system.  Error! Reference source not found. shows how 
thermocouples will be arranged in a grid in the primary chamber.  A similar grid of 
thermocouples will be arranged in the secondary chamber.  Exhaust gas temperature was also 
measured at point H in Figure 1.  Temperature values was measured and recorded by a data 
logger at a frequency of 1 minute, and was used to calculate an average temperature over the 
time period of the experiment. 
Loading rate was recorded and used to calculate retention time, which can be adjusted by 
varying the speed of the feed augers in the primary chamber. 
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Figure 2. Top view schematic showing measurement locations for a BGP-50C 
Gasification/Combustion system.  Black dots are thermocouple locations in the primary 
chamber.   
Air inflow rate to the primary chamber for the gasification process was measured by a flow 
meter (in an orifice of known area).    The feed hopper is required to be full at all times during 
system operation to prevent excess air from entering the system.  Exhaust flow was measured 
at the exit of the system using a flow meter in the flue. 
Heat is generated in the system as a result of the combustion of system product gas and 
externally supplied propane.  Heat output from the system can be calculated from exhaust 
temperature and flow measurements.  It is not possible to measure the quantity or composition 
of product gas within the system, but it is possible to measure the quantity of propane that 
enters the system.  This measured value can be used with the known energy content of 
propane and the total heat output of the system to determine the energy content of combustion 
of the product gas. 
Total mass of ash generated in the system was measured and elemental analysis determined 
using Mehlich III methods (Mehlich, 1984).   
 
Energy Flow Through Evaluation 
The goal of this research is to identify the sustainability of a method for disposing of hazardous 
waste biomass residuals.  An energy flow through evaluation as performed for each evaluated 
feedstock to determine the feasibility of using the system in commercial and industrial 
applications.  Experimental results will allow the calculation of an energy balance, starting with 
the energy content of the feedstock and ending with the recoverable heat output from the 
system, treated as energy available to do work (Figure 3). 
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Figure 3. Flow diagram showing the boundaries of the life cycle analyses for waste biomass 
sources. 
Feedstocks 
Two feedstocks of interest, SRM and municipal biosolids, were examined during this study at 
different moisture contents and gasification temperatures.  The effect of moisture content was 
evaluated using as delivered, semi-dried, and dried moisture contents for each of the 
feedstocks.  During preliminary trial different operational parameters were examined but for this 
study temperature and retention time were the same.   
Feedstock Characteristic Measurements 
A representative sample from each treatment of waste biomass was taken from the feed stream 
into the system and used to measure feedstock characteristics (Table 1) (Thy, 2009).  
Proximate analysis was conducted to measure moisture content, volatile matter, ash and total 
carbon (ASTM Standard E870-82, 2006). 
Each treatment had a particle size at approximately a maximum size of about 5 cm.  Collected 
samples were analyzed by sieve analysis to determine particle size distribution for each 
treatment, which may be useful information at a later date.  The general physical size and shape 
of material was also observed.   
The higher heating value (HHV) of each treatment was measured from samples using a G. 
Cussons bomb calorimeter.  This information was used during analysis to compare with heat 
output from the system. 
Mineral content was measured for each treatment, using a LECO CN 2000 analyzer to measure 
carbon and nitrogen contents and elemental analysis using Mehlich III methods (Mehlich, 1984) 
for potassium and phosphorous.  Minerals of interest are the common limiting soil nutrients in 
agricultural systems: N, P and K.  Mineral content of the biomass feedstock is important to know 
so it can be compared to the mineral content of the ash product from the system.  Evaluating 
the differences between different treatment combinations will identify treatment combination 
effects on ash product composition. 
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Table 1- Raw feedstock characteristics. 
 SRM NViro 
 AR DRY AR DRY 
Moisture Content (w/w) % 62.4 1.8 38.5 1.6 
Ash (d/w) % 19.4 17.9 62.2 59.6 
Volatile Matter (d/w) % 61.4 64.4 36.9 39.4 
HHV (d/w) MJ/kg 16.3  5.5  
Total Carbon % 36  8  
Total Nitrogen % 0.5  0.8  
 
Results and Discussion 
Thermochemical energy conversion of biomass by gasification is a topic that has received a lot 
of attention in the past decade.  The gasification process has been used for decades in the 
petrochemical industry, however using biomass as a feedstock is a relatively new concept.  
Biomass contains high contents of volatile matter that makes it ideal for thermochemical 
conversion (Speight, 2008).  Bangh et al. (2009) and Hoogwijk et al. (2005) highlight the 
opportunity of gasification as an important biomass thermochemical energy conversion method 
that is expected to achieve high efficiencies and low costs as the technology improves. 
Considerable theoretical research about biomass gasification has been completed with regards 
to conversion efficiencies, exergenic analyses and thermodynamic parameters (Nemtsov and 
Zabaniotou, 2008; Prins et al., 2007; Ptasinski et al., 2007).  Many models have been 
developed to predict how different systems will work on a large scale, however missing from the 
research is empirical data from the application of this theory to pilot scale operations in real 
world environments (Junginger et al., 2006). 
Ash is the inorganic portion of biomass that remains after thermochemical conversion 
and is also a feedstock factor of interest.  Quantity and composition of the ash will vary 
depending on the feedstock (as well as system processing parameters) (Reijnders, 2005).  As 
ash content increases, the total biomass material available for energy conversion decreases 
(Livingston, 2007).  Higher ash content also requires more maintenance (ash removal) and the 
added value of product ash will depend on the composition, which will determine the use and 
application of the ash (Reijnders, 2005).  Ash properties determined with standardized lab 
testing methods can be used to compare with actual ash product from different operating 
parameters.  The ash properties from the two feedstocks run through the BGP-50CF system are 
presented in Table 2.  Both SRM and NViro final ash products had moisture contents < 2% and 
ash contents between 68 to 75%.  Volatile matter for SRM ‘as-received’ and dry feedstock ash 
products ranged from 6.8 to 7.5 % and for NViro between 22 to 28 %.  This represented an 
almost ten-fold reduction for the SRM feedstock but only a 20 to 40 % reduction in VM in the 
NViro feedstock.  Total Carbon was reduced by approximately half in both feedstocks from raw 
material to ash product.  The process of generating the NViro product requires mixing of 
quicklime and cement kiln dust to raise the pH of the admixture to 12.  This substantially 
increases the ash content of the raw feedstock material (Table 1) and reduces volatile matter. 
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High mineral contents in biomass lower the ash fusion temperature, which can cause problems 
with ash agglomeration and clinkering (Öhman et al., 2004).  High alkaline content can cause 
problems with acid corrosion of metals and salt deposition within the system (Cummer and 
Brown, 2002).  In contrast, the SRM compost feedstock is primarily volatile carbon, with less 
than 20 % ash in the raw material.   
Table 2 – Post-gasification ash product characteristics. 
 SRM NViro 
 AR DRY AR DRY 
Ash (d/w) % 68.4 74.7 75.4 75.3 
Volatile Matter (d/w) % 7.5 6.8 28.6 22.3 
HHV (d/w) MJ/kg 6.2  0  
Total Carbon % 16.5  3.0  
Total Nitrogen % 0.5  0.1  
 
The unit heating value of biomass is also a factor of interest and is shown in Tables 1 
and 2.  The initial energy content of a feedstock is the total energy available for conversion, so 
feedstocks with large initial energy contents are desired (Kumar et al., 2009).  The initial energy 
content can also be compared with the energy output of a particular system to determine 
system conversion efficiency, which allows comparison of different conversion systems for 
specific feedstocks.  The raw SRM compost has almost three times the HHV of the NViro 
feedstock and after gasification still retained some energy in the final ash product, while the 
NViro ash retained no extractable energy.  Solid material consumption is directly related to 
residence time, where an increase in residence time increases carbon monoxide production, 
and the efficiency of the system (García-Bacaicoa et al., 2007).  In this study, the feedstocks 
were managed using the same retention time for the ‘as-received’ materials and SRM Dry, ~ 16 
kg hr-1, however the NViro Dry was processed at 48 kg hr-1 due to low syngas generation and 
combustibility.  Use of air as a gasification agent was the simplest approach, however product 
gas energy content was anticipated to be lower due to the nitrogen content of the air 
(Bhattacharya, 1998).  Pure oxygen can be used to reduce the inert gas content in the 
gasification agent but increases the technical requirements and cost of the process (Kumar et 
al., 2009).  Physical properties of the biomass are also important feedstock factors of interest.  
Important physical properties include shape, dimensions, density (particle and bulk), porosity 
and particle size distribution (Speight, 2008).  In this study, an attempt was made to ensure the 
SRM compost was no larger than 5 cm to increase surface area and enhance combustibility. 
The NViro material was very fine and was generally less than 1 cm, although some aggregates 
were apparent in the ‘as received’ feedstock.   
Figures 4 to 6 represent the temperature and propane burner profiles at several 
locations in the BGP-50CF gasification system through each run.  Temperatures were 
measured on the process bed (BED), the primary chamber (PC) where the material passes 
through, the secondary combustion chamber (SC), and the flue stack (Flue).  Process 
temperatures were controlled from the BED sensor and maintained at 700ºC throughout each 
run.  Figure 4 shows the operational conditions of a run without any feedstocks present and 
process temperature being maintained solely through propane use.  
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Figure 4. Temperature and burner profile from an empty propane fuel only run of the BGP-50CF 
gasification system. 
 
Bed temperature is maintained steady at the 700ºC setpoint for the run and both SC and 
Flue temperatures are relatively constant, with minor fluctuations.  The burner is operating 
throughout the entire run.  The SRM compost runs for ‘as received’ and dry materials are shown 
in Figure 5.  The ‘as received’ material at approximately 63 % moisture content had a significant 
impact on burner operation.  In contrast to the empty run, the propane burner was on for long 
periods of time, particularly at the start as moisture is being driven off, in order to maintain bed 
temperature at the setpoint of 700ºC.  The PC, SC and Flue temperatures responded based on 
the burner operation but greater fluctuations in temperature from the SC were observed.  This 
suggests the gasification system, as designed, has rapid energy transfer or loss after 
combustion has occurred in the SC.  The PC was slightly buffered against the large fluctuations 
in temperature when the burner would turn off.  The dry SRM feedstock responded very 
differently at all locations measured in the gasification system.  The setpoint was achieved and 
maintained throughout the whole run but the PC temperature response was more uniform than 
the ‘as received’ material and measured approximately 250 to 300ºC higher.  In contrast, the SC 
and Flue temperatures displayed an almost exponential decrease in temperature.  Furthermore, 
burner operation throughout the entire run was less than 30 minutes suggesting the loss of 
volatile matter shown in Table 2 was translated directly into syngas generation and combustion.  
However, the data implies that combustion must have been occurring in the PC almost 
exclusively after gasification and syngas generation. 
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Figure 5. Temperature and burner profiles for the SRM compost ‘as received’ and dry runs at 
700ºC using the BGP-50CF gasification system. 
The temperature and burner profile for the ‘as received’ NViro feedstock was very similar 
to the ‘as received’ SRM compost material despite only having a moisture content of 38 % 
(Figure 6).  The higher ash content, lower volatile matter and HHV will have contributed to the 
higher burner operation requirements to process the biosolid material.  Maintenance of the 
temperature setpoint of 700ºC was at the sacrifice of fuel consumption for the higher moisture 
content biosolid material.  During the dry NViro material run, the PC temperatures appeared to 
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increase linearly as material was added but once the feedthrough was terminated burner 
operation was initiated.  The SC and Flue temperatures responded inversely to the gasification 
of feedstocks but responded positively as soon as the burner operation re-commenced.  An 
addition of NViro material after the burner re-initiated did not impact the system and the run was 
eventually stopped.  
Table 3 - Energy Balance 
Feedstock FS 
IN 
(kW) 
Ash 
Out 
(kW) 
 
FS 
Used 
(kW) 
Propane 
IN 
(kW) 
Total 
IN 
(kW) 
Heat 
Energy 
Out 
(kW) 
Out: 
In 
Out: 
In 
Empty    100 100 62 -38 0.62
NViro - AR 14 0 14 88 102 56 -46 0.55
NViro - Dry 74 8 66 62 128 43 -85 0.34
SRM - AR 28 4 24 82 106 54 -52 0.51
SRM - Dry 46 3 43 12 55 29 -26 0.53
 An energy flow through was calculated based on the data obtained throughout the 
various runs using the two feedstocks and moisture contents (Table 3).  Table 3 provides flow 
through energy using the feedstock and ash product calorific values relative to the propane fuel 
required to run the BGP-50CF system during each run.  The temperature of exhaust gases as 
they are released to the atmosphere from the system had an effect on system efficiency.   
Lower temperatures can lead to higher efficiency of heat recovered from the system 
(Bhattacharya, 1998).  It is possible to have a low exhaust gas temperature for biomass 
conversion systems as biomass fuels do not contain a significant amount of sulfur, so it is not 
necessary to maintain the exhaust gas temperature above the dew point of the gas (to avoid 
corrosion by condensing acids) (Bhattacharya, 1998).  Exhaust temperatures from the BGP-
50CF system were below 400°C.  The data indicates a reduction in propane requirement with 
lower moisture feedstocks but the composition of the feedstock played a significant role in the 
energy flow through the system.  ‘As received’ SRM and NViro required approximately similar 
propane energy inputs, at 88 and 82 kW, respectively, and yielded similar heat energy values as 
measured at the Flue stack, at 56 and 54 kW, respectively.  On the other hand, to process 
greater than double the amount of  SRM as dry material required only 15 % as much propane of 
the ‘as received’ SRM. However, this was at the expense of heat energy from the Flue stack 
was 47 % lower than the ‘as received’ feedstock.  One of the main uses for biomass gasification 
is to satisfy large scale heating requirements on a commercial or industrial scale (Balat et al., 
2009).  Small and medium scale IGCC systems in a CHP setup are expected to become more 
feasible (both technically and economically) as research continues in the area (Obernberger 
and Thek, 2008; Börjesson and Ahlgren. 2010).  Heat recovery is important to this work 
because it is a value added product to the system.  Recovering heat to do work improves the 
economics of the system while reducing dependence on fossil fuels.  Heat can be used on site 
for internal purposes, reducing the need for external inputs.  Excess heat not needed for system 
processes can be sold to local consumers but must be balanced relative to reducing the 
requirements for external fuel. 
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Figure 6. Temperature and burner profile for the NViro biosolids ‘as received’ and dry runs at 
700ºC using the BGP-50CF gasification system. 
Moisture content plays an important role in the efficiency of  thermochemical conversion of 
biomass.  Moisture content is heavily dependent on the type, source, and storage of the 
feedstock, and also on pre-processing conditions (Cummer and Brown, 2002).  During the 
gasification process the water content in biomass is released during the drying stage, which is 
needed for water gas reactions within the system (García-Bacaicoa et al., 2007).  High moisture 
content negatively affects system efficiency by using process heat to dry material within the 
system (Speight, 2008).  When an optimum moisture content value is known, a pre-process 
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drying system is often used to lower the moisture content as close to that value as possible 
while using the least energy to achieve it (Bhattacharya, 1998).  A range of moisture contents 
were evaluated in the study but only the two extremes are presented.  Figure 7 illustrates the 
responses observed for the two feedstocks evaluated over several moisture contents against 
net energy generated from the BGP-50CF.  The SRM feedstock was not evaluated at a mid-
level moisture content and is the subject of future work but the data suggests that up to 
approximately 20 % moisture content a positive net energy response is possible.  The NViro 
product displays a negative linear response with increasing moisture content and has an overall 
low net energy rating through this gasification system.  Composition quality of this feedstock do 
not make it a good candidate as a biomass fuel based on the current thermal system used to 
evaluate it.  
 
 
Figure 7. Net energy from gasification of NVS and SRM feedstocks at different moisture 
contents in the BGP-50CF gasification system. 
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Conclusions 
The BGP-50CF was evaluated a possible disposal and destruction mechanism for SRM 
compost and other materials deemed as potentially hazardous.  The feedstocks were evaluated 
at different moisture contents to develop response relationships to energy use and energy 
output.  The results of this study suggest drying SRM compost can have a significant impact on 
reducing the external fuel requirements to gasify the material into a final ash product.  NViro 
product was not an optimum biomass fuel candidate within this gasification system due to the 
high ash content and low volatile matter content.  A re-design of the system would enhance the 
internal efficiency of energy use and provide additional options for heat re-capture and use 
within an agricultural setting. 
References  
ASTM Standard E870-82, 2006. Standard test methods for analysis of wood fuels. ASTM 
International. 
Bahng, M., Mukarakate, C., Robichaud, D.J. and Nimlos, M.R. 2009. Current technologies for 
analysis of biomass thermochemical processing: A review. Analytica Chimica Acta. 651 
(2): 117-138. 
Balat, M., Balat, M., Kirtay, E. and Balat, H. 2009. Main routes for the thermo-conversion of 
biomass into fuels and chemicals. part 2: Gasification systems. Energy Conversion and 
Management. 50 (12): 3158-3168. 
. 
Bhattacharya, S.C. 1998. State of the art biomass combustion. Energy Sources. 20 (2): 113-
135. 
Börjesson, M. and Ahlgren, E.O. 2010. Biomass gasification in cost-optimized district heating 
systems - A regional modeling analysis. Energy Policy. 38 (1): 168-180. 
Canadian Food Inspection Agency (CFIA). 2009. Animal health feed ban controls – Incineration. 
Biomass Bovine Spongiform Encephalopathy Manual of Procedures. 
Cummer, K.R. and Brown, R.C. 2002. Ancillary equipment for biomass gasification. Biomass 
and Bioenergy. 23 (2): 113-128. 
Dickinson, T. 2006. An assessment of enhanced incineration as an alterantive technology for 
the disposal of slaughterhouse waste. Final Report for Investment Agriculture 
Foundation of British Columbia. Thompson Rivers University. 
Fedorowicz, E.M., Miller, S.F. and Miller, B.G. 2007. Biomass Gasification as a Means of 
Carcass and Specified Risk Materials Disposal and Energy Production in the Beef 
Rendering and Meatpacking Industries. Energy and Fuels. 21: 3225-3232. 
García-Bacaicoa, P., Mastral, J.F., Ceamanos, J. and Serrano, S. 2007. Gasification of 
biomass/high density polyethylene mixtures in a downdraft gasifier. Bioresource 
Technology. 99: 5485-5491. 
Hoogwijk, M., Faaij, A., Eickhout, B., de Vries, B. and Turkenburg, W. 2005. Potential of 
biomass energy out to 2100, for four IPCC SRES land-use scenarios. Biomass and 
Bioenergy. 29: 225-257. 
Junginger, M., de Visser, E., Hjort-Gregersen, K., Koornneef, J., Raven, R., Faaij, A. and 
Turkenburg, W. 2006 Technological learning in bioenergy systems Energy Policy. 34 
(18): 4024-4041. 
Kumar, A., Jones, D.D. and Hanna, M.A. 2009. Thermochemical biomass gasification: A review 
of the current status of the technology. Energies. 2 (3): 556-581. 
 14 
Livingston, W. 2007. Biomass ash characteristics and behaviour in combustion, gasification and 
pyrolysis systems. Doosan Babcock Energy. Report No: 34/07/005. 
Main, M., Joseph, A., Zhang, Y. and MacLean, H.L. 2007. Assessing the energy potential of 
agricultural bioenergy pathways for Canada. Canadian Journal of Plant Science. 87 (4): 
781-792. 
Mehlich, A. 1984. Mehlich 3 soil test extractant: A modification of the Mehlich 2 extractant. 
Communications in Soil Science and Plant Analysis. 15: 1409-1416. 
Nemtsov, D. A. and Zabaniotou, A. 2008. Mathematical modeling and simulation approaches of 
agricultural residues air gasification in a bubbling fluidized bed reactor. Chemical 
Engineering Journal. 143 (1-3): 10-31. 
Nova Scotia Department of Energy. 2009. Toward a greener future, Nova Scotia’s 2009 Energy 
strategy 
Obernberger, I. and Thek, G. 2008. Combustion and gasification of solid biomass for heat and 
power production in Europe – State of the art and relevant future developments. 
Proceedings of the 8th European Conference on Industrial Furnaces and Boilers. 
Portugal. 
Öhman, M, Boström, D. and Nordin, A. 2004. Gasification of Biogenic Solid Fuels. Chemical 
Engineering & Technology. 28 (5): 596-604. 
Prins, M.J., Ptasinski, K.J. and Janssen, F.J.J.G. 2007. From coal to biomass gasification: 
Comparison of thermodynamic efficiency. Energy. 32 (7): 1248-1259. 
Ptasinski, K.J., Prins, M.J. and Pierik, A. 2007. Exergetic evaluation of biomass gasification. 
Energy. 32 (4): 568-574. 
Reijnders, L. 2005. Ecological disposal, uses and treatments of combustion ashes: a review. 
Resources, Conservation and Recycling. 43 (3): 313-336. 
Speight, J. 2008. Synthetic Fuels Handbook. McGraw-Hill, United States. 
Thy, P., Esbensen, K.H. and Jenkins, B.M. 2009. On representative sampling and reliable 
chemical characterization in thermal biomass conversion studies. Biomass and 
Bioenergy. 33 (11): 1513-1519. 
Wheeler, D. and Adams, M. 2009. Stakeholder consultation process for: A new renewable 
energy strategy for Nova Scotia. Final Report to the Government of Nova Scotia. 
Xu, S., Hao, X., Stanford, K., McAllister, T., Larney, F.J. and Wang, J. 2007. Greenhouse gas 
emissions during co-composting of cattle mortalities with manure. Nutrient Cycling in 
Agroecosystems. 78 (2): 177-187. 
4th International Symposium on  
Managing Animal Mortality, Products, 
By Products and Associated Health Risk Dearborn, MI May 21-24, 2012 
 
 
Decontamination and Disposal Following Food and Agricultural 
Emergencies: EPA’s Perspective on FSMA Section 208 
 
Juan Reyes 
USEPA Headquarters 
Ariel Rios Building 
1200 Pennsylvania Ave., N.W. 
Washington, DC 20460 
Reyes.juan@epa.gov  
 
 
The Food Safety Modernization Act (FSMA) seeks to enhance public health protection by 
strengthening the food safety system.  Many FSMA requirements are focused on promoting 
improved interagency collaboration and cooperation.  This includes FSMA Section 208, 
Decontamination and Disposal Standards and Plans,  which tasks EPA (in coordination with HHS, 
USDA and HHS) with providing  support and technical assistance to State, local and tribal 
governments in preparing for, assessing, decontaminating and recovering from an agriculture or food 
emergency.   This requirement does not provide any new EPA authorities to perform 
decontamination and waste management activities nor does it alter the responsibilities established in 
national frameworks and directives like the National Response Framework and HSPD-11.  It does, 
however, envision improved coordination and collaboration to support and assist national 
preparedness, response and recovery activities through the development and dissemination of 
standards, protocols, model plans; annual exercises to evaluate and identify weaknesses in model 
plans; and, prioritization of risks.  This presentation will describe the interagency approach that that 
EPA is using to address the requirements of FSMA Section 208. 
 
 
The authors are solely responsible for the content of these proceedings. The technical information does not necessarily reflect the official 
position of the sponsoring agencies or institutions represented by planning committee members, and inclusion and distribution herein does 
not constitute an endorsement of views expressed by the same. Printed materials included herein are not refereed publications. For 
permission to reprint or reproduce please contact the lead author. Citations should appear as follows. EXAMPLE: Authors. 2012. Title of 
presentation. 4th International Symposium on Managing Animal Mortality, Products, and By‐products, and Associated Health Risk: 
Connecting Research, Regulations and Response. Dearborn, MI. May, 21‐24, 2012.
4th International Symposium on  
Managing Animal Mortality, Products,  
By Products and Associated Health Risk 
 
Dearborn, MI 
 
 May 21-24, 2012
 
______________________________________________________________________ 
The authors are solely responsible for the content of these proceedings. The technical information does not necessarily reflect 
the official position of the sponsoring agencies or institutions represented by planning committee members, and inclusion and 
distribution herein does not constitute an endorsement of views expressed by the same.  Printed materials included herein are 
not refereed publications. For permission to reprint or reproduce please contact the lead author. Citations should appear as 
follows. EXAMPLE: Authors. 2012. Title of presentation. 4th International Symposium on Managing Animal Mortality, Products, 
and By‐products, and Associated Health Risk: Connecting Research, Regulations and Response. Dearborn, MI. May, 21‐24, 2012. 
________________________________________________________________________________________________________________________ 
 
Leachate Movement beneath Two Carcass Burial Sites 
 
 
Dyan L. Pratt, P.Eng., M.Sc. 
 University of Saskatchewan, 57 Campus Drive, Saskatoon, SK S7N5A9 
 Dyan.pratt@usask.ca 
Terrance A. Fonstad, P.Eng., Ph.D. 
University of Saskatchewan, 57 Campus Drive, Saskatoon, SK S7N5A9 
Terry.fonstad@usask.ca 
 
Written for presentation at the 
4th International Symposium on Managing Animal Mortality, Products, By 
Products, and Associated Health Risk: 
Connecting Research, Regulations and Response 
Dearborn, MI May 21-24, 2012 
 
Abstract.  It is important to regulatory bodies as well as producers to minimize the risk involved 
in livestock burial.  To determine this risk, pre-existing livestock burial sites were selected based 
on certain criteria for a detailed analysis of contaminant transport.  This analysis entailed soil 
coring of the site, with specific ion exchange and solution extraction analyses to provide a 
detailed 2-D picture leachate movement below these burial sites.  The first site located near 
Pierceland, SK was used in 2001 to bury euthanized elk potentially suffering from chronic 
wasting disease (CWD).  The soil cores were taken from this site in 2008 and the extent of 
leachate transport, upon analysis of the soil cores, was 1-1.5 meters of vertical transport of 
anions (Cl, Alkalinity) as well as some cations arising from ion exchange reactions (Ca and Mg).  
Ammonium ions were attenuated within the bottom of the trench. There was no lateral 
movement of ions at this site.  The second site, located near McLean, SK was used in 1952 to 
bury carcasses potentially affected by Canada’s only foot and mouth disease outbreak.  This 
site was cored in 2010, nearly 60 years post burial.  Leachate movement vertically at this site 
was relatively slow over that period of time, showing movement of 1-2 meters.  Due to the 
presence of sand lenses in and around the burial pit, movement of up to 10 meters horizontally 
of anions such as Cl and bicarbonate was shown.  Ammonium ions were attenuated within the 
confines and immediate soil surrounding the burial pit. 
 
Keywords. Livestock burial, contaminant transport, burial leachate migration 
  
 
 
Introduction 
 
In the event of a disease outbreak or natural disaster, the need to dispose of livestock 
mortalities may arise.  In areas of intensive livestock operations, the number of animals 
euthanized has great potential to deem most methods of disposal unacceptable.  Burial is the 
most likely choice for many of these events and is the least understood with respect to 
environmental implications.   There is currently a lack of knowledge of the transport of 
contaminants beneath burial sites.  Previous research involved the characterization of carcass 
leachate by burying carcasses of various types in plastic lined pits and sampling leachate from 
the pits for chemical analysis (Pratt 2009). Results from Pratt (2009), indicated that livestock 
mortality leachate contains, on average, after two years of decomposition, concentrations of 
12,600 mg/L of ammonium-N, 34,600 mg/L alkalinity (as bicarbonate), 2,600 mg/L chloride, 
3,600 mg/L sulphate, 2,300 mg/L potassium, 1,800 mg/L sodium, 1,500 mg/L phosphorus along 
with relative lesser amounts of iron, calcium and magnesium.  Maximum values for the major 
ions were up to 50% higher than the average in some instances. The pH of the leachate was 
near neutral.  In comparison to earthen manure storages and landfills, the strength of the 
leachate was 5-10 times higher. 
 
Some studies have been performed using experimental and some existing burial sites and 
monitoring the groundwater quality around them (Glanville 2000; MacArthur and Milne 2002; 
MacArthur et al. 2003; Ritter and Chirnside 1995; Scudamore et al. 2002).  Many early 
investigations focused on monitoring groundwater quality surrounding existing mortality disposal 
sites (Glanville 2000; Ritter and Chirnside 1995).  These methods give a basic analysis of 
potential contaminant transport into groundwater systems.  Most of these studies give a basis 
for a typical, on-farm, normally occurring mortality situation.  Average livestock losses occurring 
on site are generally not considered a threat in most provinces and states; however, when 
dealing with a mass mortality event, the sheer number of culled animals to be disposed requires 
a more careful evaluation of disposal sites and the risks involved  (Engel et al. 2004; SAF 2005). 
 
Preliminary modelling (Pratt, 2009), provided insight as to transport processes that potentially 
could be occurring below a mass mortality site.  The difference between a mass disposal site 
and routine mortality disposal site or earthen manure storage (EMS), is that the routine mortality 
site or EMS is constantly loaded, while the mass burial site is a one-time contaminant load.  
Even though the burial site has a specific amount of contaminant available for transport, the 
concentrations found in the leachate are cause for concern.  As a result of this, the need for 
further research arose.  Such information on the leachate source characteristics is important for 
modeling purposes, but further research had determined that it would be beneficial to fully 
understand the ion exchange occurring beneath burial sites.  The research objectives were to 
determine the fate and transport potential of contaminants from livestock mortalities burial sites.  
Of particular interest is the geochemistry during transport and plume development.  Both the 
relatively high ionic strength of the solution in the pits and the source material make the two 
areas of interest important to understand. 
 
 
  
 
 
Methods 
In order to assess mortalities leachate transport beneath carcass burial sites, collaboration with 
Agri-Environment Services Branch of Agriculture and Agri-Food Canada (AESB) was essential.  
To determine ion movement below carcass burial sites the following methods were used.  Site 
screening and investigation took place with AESB.  Two sites were continuously cored and one 
site was instrumented with groundwater quality monitoring equipment.  The first site near 
Peirceland, SK was used to bury elk that had been euthanized during a CWD control exercise 
approximately 10 years ago.  The soil cores taken from the site will be analyzed and will provide 
a picture of ion movement below the burial site.   The second site located near McLean, SK was 
an existing FMD burial pit from 1952. The site was used to bury dairy cattle euthanized during 
an FMD control measure.  This site provided a unique opportunity to understand carcass 
leachate contaminant transport over a period of 58 years.  Site screening began with 
electromagnetic inductive equipment surveys (EM) to try to locate edges of the burial pits and 
trenches.  These surveys were typically unsuccessful in locating burial pits for this study.  At the 
CWD site, burial trenches were found due to ground settlement, while auger drilling was 
performed in a grid pattern at the FMD site to provide exact locations of the burial pit prior to soil 
coring.   Due to the nature of the FMD site, more stringent analysis and preparation was taken.   
Figure 1 shows the location of the sites relative to one another, location A is the Pierceland 
CWD site and location B the McLean FMD site.  More detailed methodology for each site is 
described below. 
 
Figure 1 – Locations of Pierceland CWD Site (A) and McLean FMD Site (B) 
 
Core sample analysis entailed a complete characterization of soils versus depth at each location 
as well as the solution chemistry versus depth. Sampling at the site was completed by retrieving 
undisturbed soil cores in 70 mm by 700 mm sealed plastic tubes (100% sampling i.e. all soil 
from each hole was taken for analysis) at various intervals and depths dependent on site 
  
 
 
geometry.  Two transects were drilled through the pit area with each transect being 
perpendicular to the other.  This allowed not only undisturbed soil samples, but samples of the 
material within the profile of the pit itself.  The Pierceland site drilling layout is shown in Figure 2, 
and the McLean site drilling layout shown in Figure 3.  All soil sample tubes were stored and 
transported below 4°C.  Soil sample analysis was performed at the University of Saskatchewan, 
with select samples as required, sent to Saskatchewan Research Council Analytical Laboratory, 
as well as AGAT Laboratories for analysis such as exchangeable ions, ions in solution, soil 
mineralogy, etc. AESB provided geotechnical characterization of the soil samples.   
 
Figure 2 – Pierceland site soil coring layout 
 
Figure 3 – Test hole layout at FMD site in McLean, SK 
Burial Trenches 
Continuous Core Locations 
  
 
 
To analyze potential plume development, soil pore water was extracted via pressure squeezing 
at specific intervals in each soil core.  Pore water extractions followed similar protocols as found 
in the literature (Böttcher et al. 1997; Howes 1985; Jahnke 1988; Manning 1993; Turrero 2006).   
Böttcher et al. (1997) discussed the effects of solutes by varying the pressure applied to the 
squeezer.  This work suggests to apply pressures up to 100 MPa (15,000 psi), but in doing so, 
expect to see slight increases in concentrations of ions in the pore fluid.  Other researchers 
have suggested maximum pressures up to 58 MPa (7,900 psi).  For this methodology, samples 
were initially squeezed to a pressure of 27 MPa (4,000 psi); if less than 5 mL of water were 
obtained at this pressure, the pressure was increased to 41 MPa (6,000 psi).  All squeezing and 
analysis of water samples was done in the cold room at 4° C.  As soon as the water sample was 
obtained it was analyzed for pH, electrical conductivity and alkalinity, then frozen at -20°C for 
preservation until ion analysis by atomic absorption for cations and SmartChem discrete 
analyzer for anions. 
 
Results 
Pierceland CWD Site 
Pore water chemistry results for this site are shown in two ways.  Presented here is a 2-D 
graphical representation of individual ion concentrations; supplemental figures in the appendix 
(Figures S1-S12) represent concentration versus depth profiles for each test location.  Cores 
C1, C2, C3 & C4 are were taken directly through the middle of the burial trench and provide the 
most detailed ion movement.    A more visual representation of the concentrations of each ion 
found across the 2-dimensional cross section can be seen below in Figures 4-6.  Each figure 
represents the burial trench locations by use of shaded boxes.  The 2-D figures (4-6) were 
created using SigmaPlot’s contour feature.   These figures distinctly show attenuation of 
ammonium, sodium and potassium within the confines of the trench, while ion exchange 
reactions resulting from ammonium, sodium and potassium attenuation produce a front of 
calcium and magnesium ions nearly consistent with transport of anions (alkalinity and chloride).  
Chloride appears to have transported the furthest below the burial trench, with calcium and 
magnesium tailing it at a depth of approximately 1 meter below the trench; these findings are 
consistent with models done by Pratt (2009).   
For a more clear picture of ion movement in each core location, supplemental Figure S1a 
demonstrates a hardness plume up to approximately one meter below the bottom of the trench, 
while attenuation of ammonium has slowed its movement significantly and has induced the 
movement of a hard water front consisting of calcium, potassium and magnesium due to ion 
exchange on the soil.  Figures S1a and S1b provide a comparison of plotting the concentrations 
in mg/L and meq/L.  The meq/L (Fig. S1b) plot demonstrates the leachate chemistry as its 
charge equivalent concentration and also shows a good balance between anions and cations.  
Concentrations of alkalinity as high as 45,000 mg/L were recorded in cores C2, C3 and C4.  
Cores adjacent to the burial trenches (Figures S5-S9, S11-S12) show little leachate impact; the 
cores on the very edges of the trenches (C5, C6, C8) show a slight increase in alkalinity and a 
slight increase in Ca and Mg concentrations.  It is noticed that background concentrations of 
alkalinity at approximately 7 meters is around 10,000 mg/L (Fig. S10).  Higher background 
concentrations of sodium and chloride were also found in this zone.   
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Figure 4 – Alkalinity and ammonium concentrations across the cross-section (shaded area 
indicates trench location) 
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Figure 5 – Magnesium and calcium concentrations across the cross-section (shaded area 
indicates trench location) 
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Figure 6 – Sodium, potassium and chloride concentrations across the cross-section (shaded 
area indicates trench location) 
 
McLean FMD Site 
The FMD site near McLean was unique in its dimensions and scale.  The burial pit was 
extremely small and was only contacted by two of the soil cores (C21 and C26) as shown in 
Figure 7 below.  Cores C20 and C22 demonstrated a slight odor at approximately 3 m depth, 
but showed no sign of burial remnants or extensive chemical impact.  Pore water chemistry 
results for each core location are shown in supplemental Figures S13-S21 in the appendix as 
concentration (mg/L) versus depth (m) profiles for each test location.  A more visual 
representation of the concentrations of each ion found across the 2-dimensional cross section 
can be seen in Figures 8-11.   
  
 
 
 
Figure 7 – Soil core layout at McLean site 
 
Core C21 and C26 were the two cores taken directly through the burial pit.  The ion 
concentration profiles shown in Figure S15 and S20 demonstrate slight vertical movement of the 
chloride ion to a depth of approximately 5 meters at concentrations ranging from 1800 mg/L to 
3200 mg/L with background concentrations at that depth of 1000 mg/L.  Ammonium impact from 
the burial pit shows attenuation within the base of the pit at concentrations of approximately 
3800 mg/L.  Potassium concentrations of 9300 mg/L were observed in C26 at a depth of 4.5 m.  
Alkalinity was the highest in C26 at 27600 mg/L peaking at a depth of 5 m, consistent with the 
depth of chloride transport, with background alkalinity between 2000 and 3000 mg/L.  A 
hardness plume was observed at this site as well consisting of calcium and magnesium.  In 
C26, concentrations of these ions were approximately 1300 mg/L at 5 m, also consistent with 
chloride transport, similar to the Pierceland site. The depth of the burial pit was approximately 
3.5-4 meters, therefore conservative ion movement of approximately 1-2 meters was observed 
in these two cores.  Directly beneath the burial pit the soil was a very stiff to hard till to about 
5.75 meters, where a sand lens was located.  The two dimensional contour plots taken across 
the cross section (Figs. 8-11), show movement of chloride, sodium and potassium horizontally, 
more than likely through this sand lens.  The sand lens was more predominant in C26 than in 
C21 and very wet with confined attributes.  Cores adjacent to the burial pit show little impact 
from ammonium and potassium, but slight horizontal impact from alkalinity and chloride, 
indicating conservative movement of ions.  An interesting component of this site was the 
Assumed dimensions of 
burial pit 
Stars indicate auger 
drilling locations 
Red dots indicate 
continuous core 
locations 
  
 
 
existence of a “compost” or “manure” layer about 0.5-0.75 meters below the surface.  The layer 
was approximately 0.25-0.5 meters thick over the entire site.  This organic layer seems to also 
be causing an effect on ion concentrations more near the surface.  This is very apparent when 
looking at the contour plots.  Assuming this organic layer was manure from the dairy that existed 
60 years ago, we can conclude that there will be a chloride plume along with smaller amounts of 
nitrogen, and alkalinity and potassium near the surface, which we do see in almost all plots of 
ion concentrations for this site (Figures S13-S21).  Movement and impact from this organic layer 
is apparent and located approximately 2 m below surface.   
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Figure 8 – Alkalinity & ammonium concentration across the cross-section 
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Figure 9 – Chloride & sulphate concentrations across the cross-section 
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Figure 10 – Potassium & sodium concentrations across the cross-section 
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Figure 11 – Magnesium & calcium concentrations across the cross-section 
Conclusions 
This project provided great insight on burial impacts to the environment in the short-term as well 
as longer-term.  The Pierceland site follows typical Saskatchewan burial guidelines from that 
time, 4m deep x 2m wide trenches, some spaced approximately 10m apart, some closer than 
10m.  Soil properties at that site would be typical for most burial locations regulatory agencies 
would choose for disposal.  The McLean site from 1952, due to lack of information at the time, 
was probably not placed on a very secure area due to the sand lenses encountered in and 
around the site.  The saving grace at this site was the very stiff glacial till immediately below the 
burial pit, minimizing vertical movement of ions. 
  
 
 
The Pierceland site was used in 2001 to bury euthanized elk suffering from chronic wasting 
disease (CWD).  The soil cores were taken from this site in 2008 and the extent of leachate 
transport upon analysis of the soil cores was 1-1.5 meters of vertical transport of anions (Cl, 
Alkalinity) as well as some cations arising from cation exchange reactions (Ca and Mg).  There 
was no lateral movement of ions at this site.  The second site, located near McLean, SK was 
used in 1952 to bury carcasses affected by Canada’s only foot and mouth outbreak.  This site 
was cored in 2010, nearly 60 years post burial.  Leachate movement vertically at this site was 
very slow over that period of time, showing movement of 1-2 meters.  Due to the presence of 
sand lenses in and around the burial pit, movement of up to 10 meters horizontally of anions 
such as Cl and bicarbonate was shown.  Ammonium ions were held up within the confines and 
immediate soil surrounding the burial pit. 
Results from this study have helped to understand the impacts that are occurring with respect to 
leachate transport beneath burial sites.  For the Pierceland site, appropriate land was chosen 
for burial, as movement in 8 years was minimal, with the ions of concern still held up in the 
burial pit.  Past work with ion exchange shows that those ions may not be held to soil exchange 
sites permanently, but there release to the environment will be slow, therefore there impact to 
groundwater will be minimized (Rinas 2011).  This same phenomenon was also observed at the 
McLean site, ammonium ions were attenuated within the confines of the burial pit and in 
immediately surrounding soil, with no impact to surrounding soil cores.  The hard water plumes 
created by the ion exchange reactions from ammonium at each of these sites will be the first to 
reach groundwater systems in the long-term and are of less concern regarding contamination 
than the attenuated ions.   
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Appendix:  Supplemental Figures 
Pierceland CWD Site 
 
Figure S1a – C1 solution chemistry (center of burial trench)  
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Figure S1b – C1 solution chemistry in meq/L (center of burial trench) 
 
Figure S2 – C2 solution chemistry (center of burial trench) 
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Figure S3 – C3 solution chemistry (center of 2nd burial trench) 
 
Figure S4 – C4 solution chemistry (center of 2nd burial trench) 
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Figure S5 – C5 solution chemistry (inside edge of 2nd burial trench)  
 
Figure S6 – C6 solution chemistry (inside edge of 1st burial trench) 
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Figure S7 – C7 solution chemistry (1.5m from inside edge of 1st burial trench) 
 
Figure S8 – C8 solution chemistry (outside edge of 1st burial trench) 
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Figure S9 – C9 solution chemistry (1.5m from outside edge of 1st burial trench) 
 
Figure S10 – C10 solution chemistry (background core 15 m from outside edge) 
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Figure S11 – C11 solution chemistry (center point between 1st and 2nd trench) 
 
Figure S12 – C12 solution chemistry (1.5m from inside edge of 2nd burial trench) 
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McLean FMD Site 
 
Figure S13 – C19 solution chemistry 
 
  Figure S14 – C20 solution chemistry 
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
0.0 2000.0 4000.0 6000.0 8000.0 10000.0
De
pt
h (
m
)
Concentration (mg/L)
C 19
Ammonium
Alkalinity
Calcium
Magnesium
Potassium
Sodium
Chloride
Sulphate
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
0.0 2000.0 4000.0 6000.0 8000.0 10000.0
De
pt
h (
m
)
Concentration (mg/L)
C 20
Ammonium
Alkalinity
Calcium
Magnesium
Potassium
Sodium
Chloride
Sulphate
  
 
 
 
Figure S15 – C21 solution chemistry 
 
Figure S16 – C22 solution chemistry 
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Figure S17 – C23 solution chemistry 
 
Figure S18 – C24 solution chemistry 
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Figure S19 – C25 solution chemistry 
 
Figure S20 – C26 solution chemistry 
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Figure S21 – C27 solution chemistry 
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Abstract. Swine carcasses (292 ± 7.3 kg per batch), whole or ground, were composted using 
rotating drum in-vessel (IV) or open static pile (OSP) composting systems, in the 2 × 2 factorial 
designed experiment. Dairy manure compost, horse stall bedding, and dry wood shavings were 
mixed together (analyzed % H2O, % N, and C:N of 48.7 ± 0.32%, 0.76 ± 0.075%, and 31.8 ± 2.51, 
respectively) and added amendment to each batch of mortality compost. Total mass per batch was 
812 ± 7.3 kg. The 8 batches were placed in eight individual rooms (2 reps/trt), and air emissions 
including NH3, H2S, CH4, N2O, and CO2 were measured continuously for 20 d during the primary 
phase (d 1 to 20), and a 15 d period 1.5 months later (secondary phase), where all batches were 
further composted as open static piles (identity preserved). Oxygen consumption did not differ 
among treatments, being unaffected by compost system, carcass form and phase of composting. 
Carbon dioxide emission was greater (P < 0.05) in the primary phase than in the secondary phase. 
Mass of CO2 per day tended to be greater with use of the IV system of composting (P = 0.07). The IV 
system emitted more (P < 0.05) NMTHC, NH3, and SO2, and less (P < 0.05) CH4, NO, N2O than the 
OSP system. Composting system did not affect the daily mass of NO2 and H2S emitted. In the
  
primary phase, the IV system generated about 95% less (P < 0.05) CH4 than did the OSP system 
(0.31 vs. 6.7 g/d, respectively). Other environmentally-interesting differences (P < 0.05) between the 
IV and OSP systems in the primary phase were NMTHC (4.13 vs. 0.19 g/d), NH3 (86.96 vs. 5.04 g/d), 
and N2O (-1.00 vs. 1.94 g/d) emissions for IV and OSP systems, respectively. The amount of CH4, 
NMTHC, NO, and SO2 gases emitted in the second phase did not differ among treatments. Nitrous 
oxide emissions were greater (P < 0.05) with the use of the OSP system than with the IV composting 
system in the secondary phase. Emissions were greater (P < 0.05) for CH4, NMTHC, NH3, NO, and 
SO2 gases in the primary phase as compared to the secondary phase, but not for N2O, which was 
greater (P < 0.05) in the secondary phase than it was in the primary phase. Carcass form did not 
affect amounts of emissions. For a 2000 head finishing swine farm with a 2% mortality rate, we 
estimate that CO2e emitted annually from the composting of mortality for 6 months, 1908 and 1596 
kg depending on which method of composting was used (IV or OSP, respectively). In conclusion, 
whether carcasses were ground or left whole changed did not result in differences in gas emissions. 
In-vessel and OSP composting systems emitted different amounts of gases in the early, active 
phases of composting; including those gases considered greenhouse gases. 
Keywords. Mortality, composting, in-vessel, open static pile, air quality, emissions. 
Introduction 
Very little is known about the emissions coming from the composting of on-farm mortality. 
Traditionally, the most popular method of composting has been the open static pile (OSP) either 
uncontained or contained in a bin, with management of primary, secondary and curing stages. In 
recent years, other systems of composting have been introduced to farmers, including the use of in-
vessel (IV) systems; of which the most popular are rotating drums. 
Emissions from OSP with bovine mortalities have been reported by Xu and coworkers (2007 a and b) 
and Thomson and Van Heyst, (2008). Emission samples were collected using flux rooms. Carbon 
dioxide, CH4, and N2O emissions were greater in mortality OSP’s than in those containing only 
manure (Xu et al., 2007a & b). Collection was for 310 days and GHG surface fluxes during 
composting were measured weekly during the first 4 weeks and every 2–4 weeks for the remainder 
of the experimental period. Gas concentration profiles were described using a vented room 
technique. Cumulative emissions were approximated by assuming that daily fluxes represent the 
average for the whole week. Turning of piles caused greater CH4, and N2O emissions, with them 
being even greater if a shredder bucket was used instead of a front-end loader (Xu et al., 2007a). 
Currently, no published data exist for emissions from IV systems or from the composting of poultry or 
swine mortalities. 
The objectives of this study was to compare the quantity of emissions from IV and OSP mortality 
composting systems, and to measure the impact of grinding carcasses on emissions when 
composted in the same two composting systems. 
Materials and Methods 
Experimental Design. Swine mortalities were composted in sealed rooms at the Michigan State 
University Animal Air Quality Research Facility (AAQRF) to measure gas emissions during active 
decomposition. Four treatments were employed which were combinations of IV or OSP compost 
system and whole (W) or ground (G) carcass form. Treatment designations were IVG, IVW, OSPG, 
and OSPW. The experiment was planned to use two observations per treatment, which were 
randomly assigned to eight rooms in the AAQRF. 
Compost Amendment and Carcasses. Dairy manure compost, horse stall bedding, finished swine 
mortality compost, and dry wood shavings were blended at the Michigan State University 
  
Composting Facility to achieve a desired initial moisture content of 40 to 60%, and a carbon-to-
nitrogen ratio of 25:1 to 30:1. A chemical analysis of the final amendment for composting is shown in 
Table 1. Three batches of amendment were made by loading specific proportions of each feedstock 
into a rear-delivery manure spreader and then discharging the mixture into a pile. That pile was then 
loaded and run through the manure spreader a second time, and then loaded a third time for 
transport in same manure spreader to the AAQRF. 
Table 1. Amendment composition on as-is basis[a]. 
Item Measure 
Moisture, % 48.3 
Mineral matter, % 5.91 
N, % 0.761 
P, % 0.176 
P2O5, % 0.402 
K, % 0.512 
K2O, % 0.617 
Ca, % 0.864 
Mg, % 0.190 
Na, % 0.129 
S, % 0.146 
C, % 24.113 
B, ppm 7.4 
Fe, ppm 1308.6 
Mn, ppm 86.8 
Cu, ppm 16.5 
Zn, ppm 46.7 
C:N 31.8 
pH 8.72 
[a]The analysis was completed at Brookside Laboratories, Inc., New Knoxville, OH 45871, except for 
bulk density, which was completed at the AAQRF. 
Either whole or ground carcasses were mixed with the amendment. The carcasses were the remains 
of 24 hogs, which were approximately 4.5 months of age and ranging in weight from 70 to 100 kg 
from the MSU Swine Farm. Animals for whole carcasses (n = 12) were euthanized with an injection 
of 86.24 mg/kg Na-pentobarbital IV. Animals for ground carcasses (n = 12) were transported to a 
local butcher plant where they were electrically-stunned and euthanized by exsanguination. The 
blood was not collected and retained for composting. Viscera were removed, sealed in black plastic 3 
mm bags (55.9 ×50.8 ×121.9 cm) for transport back to the AAQRF; they were not ground. Carcasses 
were sawn into 4 portions (quartered) and then were ground using a 20 hp Rietz Prebreaker/Grinder 
(Model No. PB-10-H3228 and Serial No. P-740353; Rietz Manufacturing, Santa Rosa, CA 95402). It 
was operated without a die or plate. Large bones were reduced to “sheared fragments or slivers” of 
approximately 10 cm in maximum length. Ground carcasses were then placed into 208 L barrels and 
sealed appropriately for transporting to the AAQRF. 
Based on known weights of the whole carcasses and the measured weights of ground carcass and 
viscera, similar amounts of animal tissue (292 ± 7.3 kg per batch) were added to IVG, IVW, OSPG, 
and OSPW compost batches. When initiating batch formation, all animal tissues were placed on a 
layer of amendment approximately 30 cm thick to absorb any effluent leaving the carcasses. A total 
of 520 kg amendment was included in each batch of mortality compost so that a “mortality-to-
amendment ratio (volume coefficient) of 160 kg/m3 was achieved. Total mass per batch was 812 ± 
7.3 kg. The mass of carcasses and compost amendment were predetermined so that IV’s and OPS’s 
  
initially contained approximately 2.2 and 3.8 m3 total compost (amendment and mortality combined), 
respectively. The resulting bulk density estimates were 424 kg/m3 and 256 kg/m3 for IV and OSP, 
respectively. The difference in BD is believed to be a result of significant packing of amendment and 
tissue into the IV units but no packing of the same into OSP batches. The OSP batches settled 
noticeably, from about 90 cm in height to about 75 cm by the end of one week of composting. In 
addition to bulk density, the desired conditions for initial moisture content and carbon-to-nitrogen ratio 
(On-Farm Composting Handbook, 1992). 
Compost Systems. Four IV rotating drum composters (Model 408; BW Organics, Inc., Sulphur 
Springs, Texas), one per room, were used. Each IV unit consisted of an insulated steel (0.635 mm 
thick) drum (2.44 m long, 1.22 m in diameter, 2.29 m3 capacity), a #100 chain power drive unit with 
duel sprockets, two steel channel frames plus one power driven channel frame, three slide gate 
unloading doors, mounted on four steel rotor casters or plastic glides. Materials were loaded through 
the 45.7 cm circular-shaped opening on one end of the drum and removed through 3 rectangular 
doors, cut into the curvature of the opposite end of the drum. 
Open static piles were formed as parabolic windrows 1.524 × 3.048 m, which sat in plastic coated 
pans of the same dimensions. Pans had 20 cm sides and were sealed so that no effluent would be 
lost. They sat on steel casters for portability and had four hooks on the sides for weighing of the pan 
with/without material. 
Compost Phases. Emissions were measured continuously during two phases of active composting: a 
20-d primary phase (d 1 to 20) and a 15-d secondary phase (d 65 to 80 d after initial formations of 
batches). In the secondary phase the OSP system was used for all batches. The IV composters were 
used in the primary phase only as is commonly done on-farm or in commercial composting. The 
primary phase was October 28, 2009 through November 16, 2009. Compost was then removed from 
the AAQRF rooms and randomly allotted to and placed in open-fronted, concrete-sided bins at 
another location for 44 days. After composting at that location, the compost was brought back into 
the AAQRF rooms (randomly allotted to room) and emissions were measured for another 15 days. 
This, the second or secondary phase was from December 31, 2009 through January 14, 2010. The 
emissions-measuring portion of the experiment was concluded after the secondary phase.  
Measurements. Composting was conducted in individual, sealed rooms designed to continuously 
monitor incoming and exhaust concentrations of gases. Measurements of gaseous concentrations in 
air were made following procedures described previously by Powers et al. (2007) and more recently 
by Li et al. (2011).  
The 24-hr maximum temperature was measured in both the IV and OSP compost systems using a 
Fisher Scientific minimum/maximum digital thermometer. A single compost temperature probe was 
placed in the OSP piles at a location approximately two-thirds of the height of the compost pile. A 
single temperature compost probe was mounted to the outer wall at mid-length of the IV. Moisture 
content and pH were measured weekly in samples collected from the IV systems, and then in both IV 
and OSP compost when removed from the AAQRF rooms (AOAC, 2000). Moisture content, pH and 
electrical conductivity were measured in all composts at the beginning and end of the secondary 
phase. Compost stability or maturity was assessed using CO2 and O2 measures. The mass of each 
compost treatment was measured at the end of the primary phase, and then again at the beginning 
and end of the secondary phase. 
Compost Management. Moisture content was increased by water addition to maintain a 
concentration of 40 to 60% H2O. Open static piles were left undisturbed for the entire phase. In-
vessel drums rotated continuously for the first 3 days, but when temperatures failed to increase a 
decision was made to turn off the IV motors for 8 hr each day. The 8-off/16-on regimen was followed 
for d 3-13 of the primary phase. Generally, rotating drum IV systems are operated intermittently 
based on the achievement of desired temperatures of 54 to 65ºC. 
  
Global Warming Potential (GWP) Calculation. Carbon dioxide equivalents (CO2e) were estimated as 
the sum of the 100-yr GWP for CO2, CH4, and N2O. The CO2e’s from the Fourth Assessment Report 
of the Intergovernmental Panel on Climate Change (Forster et al., 2007) were used and are 1, 25, 
and 310, times the potential of CO2e for CO2, CH4, and N2O, respectively;.  
Statistical Analyses. Average daily mass of gas emission and oxygen consumption of treatments 
were determined and compared using analysis of variance (MIXED) procedures of SAS (SAS Inst., 
Inc., Cary, NC).   
Results and Discussion 
Compost Temperatures. The temperatures achieved in both phases are indicative of microbial 
activity. Figure 1 shows the temperatures in the primary phase. Open static pile temperature rose 
more quickly as did those with whole carcasses. In the first days of the primary phase, IV systems 
were releasing heat faster than they could accumulate heat because of the rotation. On October 30, 
an ‘8-hr off/16-hr on’ regimen was followed for the IV units. Temperatures increased within 24 hr. 
This continued until November 10. We met the safety criteria of the Canadian Council of Ministers of 
the Environment (CCME, 2005) in observing temperatures of 54ºC or greater for at least 15 d during 
OSP composting and at least 3 d for IV composting. 
Figure 1. Daily maximum temperature during the primary and secondary phases of composting. 
 
In the secondary phase, a slow increase in temperatures was observed (Figure 1). The IVW batches 
attained a temperature of greater than 54ºC on only 3 d. An average temperature of OSP material 
was greater than IV compost material. Material had been brought into heated rooms from outside 
bins at the Boar Test Station. Between the primary phase and the secondary phase compost was 
placed in individual bins in a covered, open fronted building. Bins were exposed to outdoor ambient 
temperatures in Michigan in December, which ranged from -13 to 13°C from November 17 to 
December 30 (mean daily average temperature was 0°C). During this time compost temperatures 
ranged from 6.4 to 80°C. 
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Consumption of O2 and Evolution of CO2. Oxygen consumption did not differ among treatments, 
however CO2 emissions differed (P < 0.05) among treatments (Table 2). Carbon dioxide 
emission was greater (P < 0.05) in the primary phase than in the secondary phase. Mass of CO2 
per day tended to be greater with use of the IV system of composting (P = 0.07), providing the 
strongest indication that the tenet is true, that the IV system, with its mixing and aeration, does 
result in greater microbial activity. Mass of CO2 emitted daily did not differ because of carcass 
form. 
Compost Maturity. In this study we used respiration in the last week of the secondary phase and 
the change in compost temperature after the secondary phase to describe compost maturity 
(a.k.a. stability, completeness, doneness, finishing). Respiration is O2 consumption (a.k.a. 
intake, demand) and CO2 evolution (a.k.a. emission, production). An increase in temperature in 
recently aerated and moistened compost reflects microbial activity and nutrient availability in, 
and maturity of, that compost.  
The standards for compost maturity most often referred to are those of the California Compost 
Quality Council (CCQC, 2001) and those of the CCME (2005). In order to be considered mature or 
stable, compost material must meet one or more requirements of ≤ 12 or 9.6 mg O2 per g of organic 
matter per day, ≤ 2 or 4 mg C (as CO2) per g of organic matter per day, and a temperature rise of the 
compost above ambient temperature of ≤ 46 or 50 ºF, for CCQC (2001) and CCME (2005), 
respectively.  When ‘active’ composting ends and ‘curing’ starts is not an exact science, and in the 
present study we planned to monitor two phases of what we believed would be ‘active composting’, 
not knowing when the compost would or could have been characterized as in the ‘curing’ phase. 
We chose to use the O2 consumption and CO2 evolution measures taken in the last week of the 
secondary phase to assess if active composting had ended and curing had started. Oxygen 
consumption was 3.47, 2.51, 9.25, and 5.95 mg O2 per g of organic matter per day and carbon 
dioxide evolution was 1.49, 1.90, 2.52, and 1.95 mg CO2 per g of organic matter per day for IVG, 
IVW, OSPG, and OSPW, respectively. Oxygen consumption of the two IV treatments was less (P < 
0.001) than OSP treatments.  Oxygen consumption in the last 7 d of the secondary phase was less 
(P = 0.05) when carcasses were left whole as compared to when ground prior to composting. Carbon 
dioxide evolution in the last week of the secondary phase did not vary by treatment, composting 
system, or carcass form. 
Consumption of O2 and evolution of CO2 at the end of the secondary phase, of all treatments, 
indicates that the compost was very mature by both CCQC (2005) and CCME (2005) suggested 
standards. It is noteworthy to recognize that the O2 uptake limit of the CCME in 1996 (previous 
version of guidelines for compost quality), was ≤ 3.6 mg O2 per g of organic matter per day. If the 
earlier standard was considered in assessing the maturity of the compost in the present study, then 
the IVG and two OSP treatments would be considered moderately mature. The reason for the 
increase in O2 per g of organic matter per day is not stated in the 2005 CCME document. 
Using these methods and the current guidelines of California and Canada, a conclusion about the 
maturity of the compost could not be made. There are numerous methods to estimate compost 
maturity and whether those we employed, or others, are most accurate is debatable (Briton, 2010). 
We chose to measure respiration after our planned secondary phase, but conspicuously our compost 
in both the primary and secondary phases would have been considered very mature by O2 
consumption standards. It leads us to question the legitimacy of our respiration methodology as 
compared to the bench-top lab methodology followed by both CCQC (2001) and CCME (2005). We 
may have observed too much variation in our O2 consumption measures to draw conclusions about 
the biology of composting. Two replications per treatment may not have been statistically powerful 
enough to get full agreement among CO2 evolution, O2 consumption, and temperature rise. 
Furthermore, the CCQC (2001) and CCME (2005) respirometry tests are typically conducted with a 
  
subsample, in a laboratory, at a constant moisture and temperature, immediately following mixing or 
aeration. The respiration assessment we completed was at the end of a 15-day period in which the 
material was left undisturbed. We measured O2 consumption and CO2 evolution on entire open static 
piles and this test technique has not been validated and reported previously. Comparisons of our 
approach to the same tests done in a laboratory setting were not made. 
Temperature of compost indicated typical compost activity in the primary and secondary phases 
(Figure 1). As noted above, average temperatures of OSP material was greater than IV compost 
material, possibly indicating that the material was less mature going into the secondary phase. Again, 
we chose to assess maturity at the end of the secondary phase. Temperature change may be used 
as an indicator of maturity (CCME, 2005). A temperature increase of the compost above ambient 
temperature of 46 degree units (Fahrenheit) suggests that the compost is not mature. After the 
secondary phase was concluded and the batches were moved from the AAQRF to bins, the increase 
in temperature of all batches was greater than 46 Fahrenheit degree units above ambient 
temperatures, suggesting that all compost material was not mature or stable (Figure 2). The 
temperature techniques followed in the present study have not been validated previously, and the 
“rise tests” of CCME (2005) are typically conducted in a more controlled or standardized laboratory 
setting than the procedure employed in the present study. 
Figure 2. Temperature of compost in relation to ambient temperature after the movement of compost 
batches from AAQRF to Boar Test Station bins, after the secondary phase. 
 
Although the respiratory O2 and CO2 measurements we recorded suggested that the compost was 
mature and ready for application to the fields as a nutrient source, we did not measure the phytotoxic 
potential of the compost after composting and this is the maturity indicator of significant interest to 
plant growers who include compost in container mixes. Further research is needed to assess 
whether this material if used as potting medium would hinder germination or plant growth. Although 
not researched, we think that the 80-d old compost would not be a detriment to field-crop growth if 
applied to cropland similar to agronomic application of raw manure. A major concern about 80-d old 
compost would be presence of intact bones. Bones take much longer to decompose and to be brittle 
enough to shatter when spread.  We did not measure bone breaking strength in the present study, 
but we do not think that the bones of these 5-mo old hogs would be brittle enough to shatter into 
acceptably small pieces when encountering the beaters, chains, or paddles of a manure spreader. 
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Total Gas Emission: CH4, NMTHC, NH3, NO, NO2, N2O, H2S, and SO2.  The amount emitted daily for 
CH4, NMTHC, NH3, NO, N2O, and SO2 differed (P < 0.05) among treatments (Table 2). The IV 
system emitted more (P < 0.05) NMTHC, NH3, and SO2, and less (P < 0.05) CH4, NO, N2O than the 
OSP system. When SO2 is oxidized in the presence of a catalyst such as NO2, H2SO4 is formed 
leading to acid rain. Composting system did not affect the daily mass of NO2 and H2S emitted. 
Carcass form did not affect the emission of any gas. Based on the findings of this study, grinding of 
the carcasses does not appear to be necessary. Grinding is a challenge to manage, and one would 
consider the energy cost of grinding, handling large carcasses and the freezing of equipment in 
winter. We did not grind and mix carcasses with amendment simultaneously as is common when 
vertical grinder/mixers currently sold to composting firms, are used. A homogenous mixture of tissue 
and carbon source is achieved. 
The primary and secondary phases of this study involved the same compost material, with different 
systems (IV and OSP) used in the first phase and the same OSP approach used in the second 
phase. Emissions were greater (P < 0.05) for CH4, NMTHC, NH3, NO, and SO2 gases in the primary 
phase as compared to the secondary phase, but not for N2O, which was greater (P < 0.05) in the 
secondary phase than it was in the primary phase. 
In the primary phase, the IV system generated about 95% less (P < 0.05) CH4 than did the OSP 
system (0.31 vs. 6.7 g/d, respectively). Other environmentally-interesting differences (P < 0.05) 
between the IV and OSP systems in the primary phase were NMTHC (4.13 vs. 0.19 g/d), NH3 (86.96 
vs. 5.04 g/d), and N2O (-1.00 vs. 1.94 g/d) emissions for IV and OSP systems, respectively. 
The amount of CH4, NMTHC, NO, and SO2 gases emitted in the second phase did not differ among 
treatments. Nitrous oxide emissions were greater (P < 0.05) with the use of the OSP system than 
with the IV composting system in the secondary phase. Why is not known for sure, but possibly 
related to differences in compost maturity noted above; with IV compost being more mature in the 
second phase. 
The treatment × phase interaction was significant for CH4, NMTHC, NH3, NO, and N2O, but not for 
SO2. For NMTHC and NO the interaction reflected that there were treatment differences in the 
primary phase, but none in secondary phase. Methane emission of IVW, OPSG, and OSPW 
treatments decreased from the primary to secondary phase, but a similar decrease was not observed 
with the IVG treatment. Very little methane was emitted by IVG in both phases. The amount of NH3 
emitted was greater for IV treatments than OSP treatments in the primary phase, but in the 
secondary phase only IVW and OSPG treatments differed (P < 0.05) from one another. Nitrous oxide 
emissions decreased (P < 0.05) overtime (primary phase vs. secondary phase) for IV treatments, but 
not for OSP treatments. 
Greenhouse Gas: For a modern swine farm with 2000 head finishing capacity and a 2% mortality 
rate, we estimate that mortality composting on the farm for a 20-d primary phase would emit 1273 
and 850 kg (1.40 and 0.94 tons) of CO2e annually depending on which method of composting was 
used (IV or OSP, respectively). Carbon dioxide emission accounted for 99.9 and 80.3% % of the 
CO2e from IV and OSP systems in the 20-d primary phase. 
In our study, the amount of CO2e emitted was 10 to 20-fold less in the secondary phase as compared 
to primary phase of composting. Our measurements indicate that from days 65 to 80 of composting, 
only 0.07 and 0.08 tons of CO2e would be emitted for IV and OSP, respectively. The dramatic 
decrease is believed to be a reflection of the greater anaerobic and aerobic microbial activity in the 
primary phase. Carbon dioxide emissions accounted for 99.8 and 35.9% of the CO2e from IV and 
OSP systems in the 15-d secondary phase. Substantially more CO2e was derived from N2O emitted 
from OSP material in later composting. 
  
  
Table 2. Oxygen consumption (g per d) and daily gas emissions (g per d) and of compost containing 
5-month old dead swine in primary and secondary phases of composting.[a] 
 Treatment[b] P - value[c] 
Gas IVG IVW OSPG OSPW Trt Phase Syst Carc 
O2
 
-5595.195 
[-9794.300, -2809.428] 
 -1401.882 
[-2513.071, -678.734] 
-6496.181 
[-8427.517, -4885.135] 
-1006.675 
[-1667.927, -548.368] 
-3688.455 
[-5602.574, -2269.058] 
-2017.715 
[-3089.808, -1227.655] 
-2772.143 
[-3782.561, -1959.883] 
-2214.181 
[-3398.205, -1343.088] 
0.56 < 0.001 0.38 0.65 
CO2
 
4760.963d, x 
[678.039, 15364.523] 
330.197y 
[41.544, 1111.999] 
5595.857e, x 
[3509.660, 8378.291] 
316.155y 
[89.585, 766.111] 
3376.755f, x 
[889.583, 8474.192] 
174.893y 
[33.940, 501.891] 
2186.219f, x 
[1298.739, 3406.825] 
98.164y 
[8.751, 367.877] 
 0.01 < 0.001 0.07  0.70 
CH4
 
0.090d 
[0.000, 0.574] 
0.007 
[-0.001, 0.100] 
0.481d, x 
[0.160, 1.075] 
2.989E-04y 
[-0.009, 0.040] 
6.924e, x 
[4.676, 9.798] 
-1.261E-04y 
[-0.034, 0.011] 
6.641e, x 
[4.410, 9.521] 
0.010y 
[-4.312E-04, 0.125] 
< 0.001 < 0.001 < 0.001  0.16 
NMTHC 
4.183d, x 
[1.952, 7.676] 
-7.116E-05y 
[-0.032, 0.013] 
4.645d, x 
[2.943, 6.901] 
-3.434E-04y 
[-0.035, 0.007] 
0.194e, x 
[0.037, 0.562] 
0.001y 
[-0.005, 0.040] 
0.218e, x 
[0.054, 0.565] 
-2.848E-05y 
[-0.026, 0.013] 
< 0.001 < 0.001 < 0.001 0.82 
NH3
 
73.397d, x 
[30.850, 143.664] 
4.704de, y 
[1.312, 11.490] 
78.326d, x 
[55.905, 106.059] 
2.102e, y 
[0.574, 5.187] 
6.951e 
[1.769, 17.729] 
7.742d 
[3.554, 14.358] 
5.582e 
[2.620, 10.207] 
3.931de 
[1.334, 8.688] 
< 0.001 < 0.001 < 0.001 0.28 
NO 
2.441E-02d 
[-0.003, 0.382] 
0.001 
[-0.006, 0.053] 
0.020d 
[9.990E-05, 0.120] 
0.049 
[0.003, 0.210] 
3.251e, x 
[1.706, 5.525] 
0.014y 
[1.829E-06, 0.105] 
2.614e, x 
[1.632, 3.929] 
0.020y 
[2.851E-05, 0.134] 
< 0.001 < 0.001 < 0.001 0.60 
NO2 
0.236 
[0.038, 0.728] 
0.071 
[0.007, 0.262] 
0.665 
[0.312, 1.218] 
0.072 
[0.008, 0.252] 
0.976 
[0.506, 1.672] 
0.017 
[7.671E-05, 0.108] 
0.520 
[0.233, 0.977] 
0.011 
[-7.301E-09, 0.088] 
0.22 < 0.001 0.83 0.88 
N2O
 
-0.606d, x 
[-2.813, -0.022] 
-0.002d, y 
[-0.089, 0.009] 
-1.166d, x 
[-2.250, -0.502] 
0.004d, y 
[-0.001, 0.069] 
1.649e 
[0.555, 3.658] 
0.533e 
[0.174, 1.201] 
1.799e 
[0.986, 2.969] 
1.099e 
[0.443, 2.206] 
< 0.001  0.01 < 0.001 0.45 
H2S
 
0.262 
[0.039, 0.834] 
8.108E-06 
[-0.003, 0.006] 
0.718 
[0.452, 1.072] 
1.654E-05 
[-0.001, 0.003] 
0.340 
[0.133, 0.696] 
0.001 
[-7.223E-06, 0.011] 
0.221 
[0.124, 0.359] 
1.042E-04 
[-0.001, 0.006] 
0.15 < 0.001 0.58 0.63 
SO2
 
0.189de, x 
[0.035, 0.549] 
-0.001y 
[-0.011, 8.848E-05] 
0.134d 
[0.067, 0.235] 
-0.001 
[-0.007, 8.024E-06] 
0.144d 
[0.046, 0.330] 
-0.003 
[-0.017, -7.917E-05] 
0.040e, x 
[0.016, 0.083] 
-0.006y 
[-0.026, -3.681E-04] 
< 0.001 < 0.001  0.03 0.12 
[a]
Least squares mean and [95% confidence interval] for the primary and secondary phases (described in 
footnote 
[c]
 below) are presented in each cell (lines 1 through 4, respectively). Emissions were measured 
continuously during two phases of composting: 1) a 20-d primary phase (d 1 to 20), and 2) a 15-d 
secondary phase (d 65 to 80 after initial formations of batches). Eight measurements were taken daily in 
each of room resulting in 16 observations recorded each day for each treatment, except for the IVG 
treatment in the primary phase, for which data from only one room was analyzed. In-vessel composting 
was conducted in the primary phase only, but compost identity was preserved and considered a 
treatment effect when compost was placed back into a room for measurements in the second phase. 
[b]
IVG = in-vessel system and ground carcasses, IVW = in-vessel system and whole carcasses, OSPG = open 
static pile and ground carcasses, and OSPW = open static pile and whole carcasses. 
 [c]
Trt = overall treatment P - value; Phase = P - value for comparison of primary and secondary phases of 
composting: 1) a 20-d primary phase (d 1 to 20), and 2) a 15-d secondary phase (d 65 to 80 after initial 
formations of batches); Syst = P - value for comparison of IV and OSP systems; Carc = P - value for 
comparison of form of carcass (ground and whole). 
[d, e, f]
Treatment means with different superscripts in the same row (within phase) differ P < 0.05. 
[x, y]
Means having different superscript letters within cell (within treatment and comparing phases) differ P < 
0.05. 
  
  
If we assumed that emissions we observed in the secondary phase of composting would be emitted 
for all the other days of a complete composting process that would last a total of 6 months (i.e. 20 d 
in primary emission amounts and 160 d of secondary emission amounts as measured in the present 
study) then the total CO2e annually from mortality composting would be 1908 and 1596 kg (2.10 and 
1.76 tons) for IV and OSP systems, respectively. As a portion of the total CO2e  emitted annually 
from such a farm, that from composting (either method) would be much less than the emissions from 
animal production, manure storage, and manure application to fields (29,836, 105,864, and 26,300 
kg [32.9, 116.7, and 29 ton], respectively; Maycher, 2003). 
This estimate may be inaccurate as the time between our primary phase and secondary phase, the 
time during turning of OSP compost material, and the time after our secondary phase were not 
measured. In our assessment of CO2e, we used an assumption that the emissions we measured 
during d 65 to 80 were the same as those which would be emitted from d 20 to 65 and from d 80 to 
180 of a 6-mo complete composting process. It is possible that our assumption underestimates the 
emissions during d 20 to 45 and overestimates the emissions from d 80 to 180. Further research is 
needed to evaluate the emission patterns during these times in the complete composting process. 
Implications 
Total emissions of GHGs emitted during the first weeks of very active composting are greater with 
the IV composting system, than those emitted from an OSP system. Greenhouse gas emission and 
air quality improvement is not a justification for the added expense and energy used to grind 
carcasses pre-composting. We measured air emissions during two short periods, early in the 
composting process. We did not measure emission during the entire composting process or to a 
known point of maturity. What this point is and when it is reached with an IV or OSP system may 
differ. We do not know if the speed of the IV composting process in the primary phase results in less 
curing time and less total emissions if maturity of the compost is kept equal. If the OSP system takes 
longer to reach maturity, with rate of decomposition being slower because of less acceptable aerobic 
conditions, then if the total amount of emissions N2O and CH4 could be greater and then we may 
consider using an IV system. We did not measure emission during the turning (mixing, moving) of the 
OSP compost material. It is during this activity that the OSP is first disturbed and anecdotally, a great 
deal of NH3 is emitted. After conducting our study, we still do not know how much the mathematical 
modeling done here underestimates or overestimates the GHG emission from the entire composting 
process. Future research will is needed to compare total emission during the entire process from 
start to end (cured or mature), with the end being a point of stability as defined as little or no 
microbial respiration, and complete decomposition of phytotoxic substances. This process may take 
months for mature market hogs. 
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Abstract.  The physiology and ecology of microorganisms at contaminated sites is important to 
understand in order to be able to fully assess leachate attenuation and remediation options 
available at any site as well as providing tracing and definitive identification of specific microbes 
at the species level.  Previous methods to characterize the microbes present in environmental 
samples used culturing techniques.  It has been estimated that only up to approximately 0.1% of 
soil bacteria can be cultured, leaving a fairly large information gap.  A methodology was 
developed to determine microbial transport in soils beneath a livestock burial site. This work 
involved the use of gene sequencing using the chaperonin 60 (cpn60) universal target followed 
by 454-pyrosequencing to determine the suite of microbial species present.  This technique has 
the capability to provide higher resolution than 16S rRNA-encoding gene profiling methods and 
can be directly applied to a variety of environmental samples, from soils taken from burial sites, 
to composting, anaerobic digestion and beyond.  The applicability of this technology is vast and 
its methodology for environmental use will be discussed.  The majority of results from the study 
performed at the carcass burial site will be presented separately in poster format with some 
being presented here as examples of information that can be obtained by using this technology.  
Keywords. Livestock burial, microbial communities, cpn60, genomic quantification, soil 
microbes, taxonomic profiling 
  
 
 
Introduction 
The composition of microbial communities in environmental samples such as soil, sludge, or 
water can be extremely diverse and can change rapidly.  Many microorganisms are 
biogeochemically and environmentally significant with much of our knowledge about these 
organisms coming from their isolation in pure cultures.  It is estimated however that only 
approximately 0.01 to 0.1% of all bacteria in soil have been isolated in pure culture (Chapelle 
1993).  In order to better predict what is happening in the environment, there is a need to obtain 
quantitative information about microbial numbers, growth and activity in the environmental 
samples.  The ability to measure the diversity and population of these samples until recently has 
been extremely difficult due to the reliance of culture based techniques.  There are many 
methods that exist to gain a greater understanding of the biogeochemical role of different 
microorganisms and typically several methods must be combined to determine their properties; 
the two most important being culture-based methods and metagenomic analysis.   
Culture based approaches for environmental samples are difficult due to challenges associated 
with mimicking their natural environment (Zengler 2008; Zengler et al. 2002).  Culturing soil 
involves mixing and diluting with water to achieve a suspension of cells which are then 
dispensed onto petri plates.  The samples are either mixed with molten agar medium and 
poured on the plate, or simply spread on the surface of solidified agar.  Plates are incubated 
and growing colonies can then be analyzed.  The vastness of soil microbiota makes this 
process extremely difficult as the majority of the microbes present are unculturable.  They are 
typically unculturable because we cannot mimic their natural environment well enough to 
promote growth.  The main advantage of culturing microorganisms from environmental samples 
is our ability to manipulate them afterwards to fully determine their metabolic capacities.  This 
could be a useful tool in remediation work; if we identify a novel bacterium, are able to culture it, 
and perform experiments on it, we can optimize conditions for it to thrive and help alleviate 
problems at a contaminated site.   The key disadvantage to this technique is the difficulty in 
culturing the majority of soil microbes.   
The physiology and ecology of microorganisms at contaminated sites is important to understand 
in order to be able to fully assess leachate attenuation and remediation options available at any 
site. For example, in a carcass disposal site, the carcasses themselves present their own 
microbiota, but the microbiota in the soil they come into contact with may determine the 
characteristics of the leachate as well as the natural attenuation of that leachate.  
History of Metagenomics 
Metagenomics in its most general sense is the study of uncultured organisms (Liu and Jansson 
2010); its applicability to environmental science involves using this tool to study the genomic 
component of samples in various environments using taxonomic markers (16S/cpn60) or whole 
metagenome sequencing.  This technique involves using shot-gun or high-throughput DNA 
sequencing technology of samples whose microbial DNA has been extracted either with or 
without a cloning step.  Isolating soil microbial DNA through the lysis of cells and subsequent 
purification allows access to microorganisms that are inaccessible using culturing techniques as 
well as allowing a more complete characterization of the soil microbiota (Abulencia et al. 2006; 
  
 
 
Agnelli et al. 2004; Liles et al. 2008; Robe et al. 2003; Roose-Amsaleg et al. 2001; Schneegurt 
2003).  Many previous studies determined microbial communities using a 16S or 18S rRNA 
encoding gene target, while some studies suggest that using a chaperonin-60 (cpn60) target set 
can provide similar results with more operational taxonomic units (OTUs) (Schellenberg et al. 
2009a). The 16S rRNA gene is highly conserved among many species of bacteria, but 
sequence  variability  can be used for species specific identification. The cpn60 gene is nearly 
universal in eukaryotes and bacteria and has an extensive reference database available for 
classification (Hill et al. 2004).  The length of the cpn60 universal target (549-567 bp), coupled 
with the high resolution it provides makes it an ideal molecular target for the application of next-
generation ultra high throughput sequencing methodologies (Schellenberg et al 2009).   
 
The concept of “species” was introduced by Aristotle a few thousand years ago as a way to 
classify types of animals.  The definition of species in microbiology is currently under debate 
with most defining them as populations of organisms that have a high level of genetic similarity 
or the highest level of taxonomy (Ruse 1969).  Regarding bacteria, the definition of species can 
be difficult.  Bacteria are asexual organisms, but they are still capable of gene exchange, 
making classification into species difficult because it is hard to demarcate unique phenotypic 
characteristics (Liu and Jansson 2010). This difficulty has led to a prokaryotic species definition 
based on genomic DNA pairwise sequence identities, which is facilitated by whole genome 
sequencing (Richter and Rossello-Mora 2009) or predictive models based on sequence 
identities of single genes or groups of genes (Verbeke et al. 2011; Zeigler 2003) This 
species concept, along with the generation and analysis of metagenomic sequence data has led 
to the term “operational taxonomic unit” (OTU).  Sequences with similarities within a defined 
range are grouped together, generally if gene sequences are 97% similar or better, they can 
define a species.  For bacteria in particular, this is typically done using 16S rRNA genes  
(Schloss and Westcott 2011).       
 
In order to provide more detailed understanding, measurement of microbial diversity is 
important.  Microbial diversity can be assessed in a variety of ways (Mills and Wassel 1980).  
Hill (2002b), presented an analysis of various diversity measures on a bacterial community 
analysis.    Some of those include the Shannon index (H’), Simpson index (D) and Chao1.  The 
Shannon index is defined by the equation 
H’= -Σpi log pi, where pi is the number of individuals in a species divided by the total number of 
isolates in the sample (Shannon and Weaver 1963).  This index is one of the most common 
used to determine population diversity but it gives more weighting to rare OTU’s than those that 
are abundant.   The Simpson index shows the probability that two randomly selected sequences 
will be from the same OTU  (Hill et al. 2002b; Simpson 1949).  Simpson’s index demonstrates 
evenness of the community D = 1.0: uneven community/all composed of the same thing; D = 0: 
even community/not as dominated by one thing. Rarefaction is a technique also used to 
determine richness of the sample and is generally used as a comparison tool between samples 
of different sample sizes (Sanders 1968).  Chao1 (Chao 1984) estimates richness using 
nonparametric estimators based on the mark-release-recapture (MRR) statistics.  This estimate 
shows that in a diverse community, the probability of a species to be seen more than once is 
small (Hughes et al. 2001).  Chao1 estimates also seem to correlate with sample size, in that 
  
 
 
they tend to underestimate community richness at low sample size.  Many of these statistical 
parameters regarding microbial community diversity can be easily calculated with software 
packages such as Mothur (Hill et al. 2002b; Schloss et al. 2009a), although care must be taken 
when comparing communities with vastly differing sampling depth (Gihring et al. 2012).  
 
Among the advantages of using metagenomics is the ability to assess previously uncultured 
organisms.  One problem with this technique is its inability to distinguish viable cells from dead 
cells.  This distinction   can be difficult to make and could be important in making conclusions 
about the microbial community and its metabolic capabilities (Council 2007). However, progress 
is being made in using PCR-based techniques to distinguish live from dead microorganisms 
(Nocker et al. 2009).  Metagenomics is also expensive and data analysis is difficult, but is 
becoming easier and cheaper as the technology progresses.  Typically in environmental 
samples, the abundance of species varies; using metagenomics on these samples may not 
capture those species that are the least abundant.  Applying metagenomics to environmental 
samples is increasing in popularity, and we can obtain large amounts of information using this 
technique, but it is also important to look at the bigger picture.  Metagenomics alone cannot 
directly determine what is going on in an environmental sample; we also need to assess the 
physical and chemical aspects of the sample.  Sequencing alone is limited by databases and 
defined functional groups for each sequence in the database.  By analyzing more than just 
genomics, we will be able to draw clearer conclusions to help better characterize the sample 
and its processes.   Problems associated with sampling also arise in metagenomics.  To 
properly make conclusions regarding the community, a representative sample is required.  
Environmental samples, specifically soils, can change drastically, over a very small scale 
making representative sampling difficult.   
General Procedures Applied to Environmental Samples 
Using metagenomics to determine the composition of a microbial community in an 
environmental soil sample consists of many steps.  Generally, microbial DNA is extracted via 
lysis of cells.  Many commercially available kits can be used for this purpose  (Mo-Bio 
Laboratories – Ultra Clean Mega Soil DNA Isolation Kit; Epicentre – Soilmaster DNA Extraction 
Kit; BioSettia – FavorPrep Soil DNA Isolation Kit; etc).   Subsequent steps of washing, 
purification and precipitation and concentration of nucleic acids can be performed.  These steps 
can be done by a variety of methods, phenol/chloroform extraction (Kirby 1957), ethanol 
precipitation (Eickbush and Moudrianakis 1978), column based kits (Qiagen, Zymo), resins by 
Stratagene and magnetic beads (Invitrogen).  
 
In order to quantify microbes and determine taxonomic composition of the sample via 
pyrosequencing, DNA must be prepared for the process.  Quantitative PCR (qPCR) 
amplification can be used to quantify the number of microbes present in a sample.  qPCR is an 
amplification procedure that includes a fluorescent dye that binds to DNA as amplicon is 
produced and the fluorescence is measured as the PCR progresses.  16S rRNA encoding 
genes are amplified from total genomic DNA extracted from the sample (Lee et al. 1996); many 
commercially available kits can be used for this process (Bio-Rad Laboratories – SsoFast 
  
 
 
EvaGreen Supermix; MoBiTec – MasterMix 16S; etc).   Average genome counts can then be 
calculated for each sample.   An example of the applicability for this is shown in Figure 1 
representing two soil core profile analysis; one core through the center of a livestock burial 
trench C1 (shaded area represents depth of carcass burial), the other a background core C10 
from the same site. 
 
Figure 1.  qPCR results for carcass burial trench (C1) and background (C10) soil core analysis 
 
Preparation of DNA for taxonomic profiling by pyrosquencing can be done with a variety of 
primers (cpn60 universal target (Hill et al. 2002a)) and polymerases (PlatinumTaq – Invitrogen, 
Taq, or others).  This step involves amplification of the DNA using PCR with primers targeting  
the cpn60 gene.  For cpn60 amplification, amplicons have a length of approximately 600 bp.  
Universal cpn60 UT amplification primers can also be modified with multiplexing IDs (MIDs), 
generating amplicons with MIDs on both ends of the PCR product as described (Schellenberg et 
al. 2011; Schellenberg et al. 2009a).   Upon amplification, purification is performed on agarose 
gels, and equimolar concentrations of gel-purified, MID-tagged amplicons are pooled prior to 
ligation of emPCR/sequencing adaptors and pyrosequencing.   Sequences are generated from 
both ends of the PCR products..  Data generated by pyrosequencing is assmbled into isotigs; 
these isotigs correspond to a OTUs, which are then compared to the cpn60 reference  
database, cpnDB (www.cpndb.ca) to determine its closest phylogenetic neighbor.   
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Pyrosequencing data analysis is constantly evolving.  Generally, reads are separated by MID 
and can be assembled into isotigs using newbler (Roche) corresponding to the cpn60 UT.  By 
doing this, it is possible to define operational taxonomic units (OTUs) for the dataset, which can 
be enhanced by analysis with watered- BLAST (Schellenberg et al. 2009b) to assign a label 
based on the closest match in the cpn60 database (cpnDB).  OTUs with less than 70% identity 
to any sequence in cpnDB are commonly given an “unknown” label.  Once OTUs are defined, 
taxonomic profiles can be created with BLASTx and MEGAN (Huson et al. 2007).  Microbial 
community statistics, including Chao1, Simpson’s evenness index D, and the nonparametric 
Shannon index H’ (Hill et al. 2003) can be calculated using mothur (Schloss et al. 2009b) with 
input corresponding to OTU (isotig) read frequencies for each core sample. Good’s coverage 
estimate and rarefaction analysis can also be performed using mothur.  A MEGAN analysis was 
performed on the same livestock burial trench and background core and is shown at the 
taxonomic level “order” in Figure 2, with the burial core results in blue compared to the 
background core results in red.  This plot can be expanded to the species/sub-species level and 
the program is capable of highlighting significant differences between samples, which could be 
useful in determining properties of interest. 
 
Figure 2.  MEGAN comparison analysis of carcass burial trench and background soil core 
  
 
 
Conclusion 
Scientific methodologies are constantly evolving, and as new techniques become available, they 
can add valuable knowledge to the study of different environments.   Recent advances in 
sequencing technologies can now provide a greater volume of information regarding the 
taxonomic composition of various microbial communities in less time compared to culture-based 
techniques as well as becoming increasingly less cost prohibitive as time goes on.  This 
technology is applicable to a variety of environmental samples; sludge, soil, water and many 
others and more sequencing has facilitated complete profiling of microbial communities 
associated with these environments.  Furthermore, these techniques can be expanded upon to 
develop procedures for tracking organisms associated with specific environmental samples as 
well as fingerprinting entire sites.  In the example carcass burial trench provided earlier, results 
showed microbial communities were highly distinct from each other when comparing a 
background core to a burial trench core, suggesting that the composition of the burial 
community was influenced by the presence of the organic load from the decaying animals.   
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Abstract: Many producers and environmental agencies have expressed concern about 
mortality composting on soil with no cover or site improvement. In 2011, the Maine 
Compost team conducted a series of large animal carcass compost trials at the 
University of Maine’s Highmoor Farm Compost Research and Education Center with the 
purpose to evaluate the movement and potential loss of nutrients from carcass compost 
piles exposed to the environment. To determine nutrient movement in soil, soil samples 
were collected prior to siting the piles at 13cm (6 inches) and 26cm (12 inches) across a 
transient of the piles.  Six piles were constructed on a grassy strip. Three piles had cow 
carcasses in them while the other three did not.  Temperatures were monitored at two 
depths in each pile.  Temperatures were recorded every six hours using Hobo© data 
loggers.  After 13 weeks, the piles were carefully examined by taking cross section cuts 
of each pile. Feedstock material was collected from five different regions within the pile.  
Soil samples were again collected across the transient at depths of 13 cm and 26 cm.  
Soil samples were analyzed at the Maine Soil and Analytical Lab for a wide range of 
elements.  
 
Keywords; compost, carcass, mortality, leachate, soil 
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Introduction:  The management of carcass mortalities must protect human, livestock and 
environmental health. After more than 15 years of research and regulatory changes, compost 
has become a best management practice (BMP) for carcass mortalities in many areas of the 
United States. This BMP is used for both routine and catastrophic mortality events.  However, 
regulatory agencies continue to share concerns about nutrients leaching from compost piles and 
the impact on soils. The alternative to composting mortalities for many is burial. Research has 
shown that livestock mortality burial releases more nutrients than properly managed compost.  
 Pratt (2009) reported a concentration of 19,200 mg/L of ammonium in leachate two years post 
burial of a bovine. In 2010, after concerns of leachate contamination from buried and composted 
slaughterhouse offal, point wells were strategically placed to collect ground water leachate in 
New Brunswick Canada. Leachate collected from wells directly below the burial site showed 
elevated levels of nitrate-nitrogen.  Nutrients in water collected from point wells directly below 
compost piles were equal to nutrient levels of water taken from the control well upslope from 
compost site (Diagram 1) (Unpublished report from New Brunswick Department of Agriculture, 
Fisheries and Aquaculture, 2010).  .  
 
 
Diagram 1: Slaughterhouse burial and compost site indicating leachate collection point wells.  
A Michigan State University study reported that the impact on surface and groundwater from 
carcass composting was related to the amount of animal mortality and the type of amendment 
used (Sanders, et.al 2005). Glanville (et al 2006) reported statistically significant increases in 
soil ammonia-nitrate levels at depths of up to 90 cm when silage or leaves were used as cover 
material. Significant levels of ammonia-nitrate were also at 30 cm and 15 cm depths when 
straw/manure and cornstalks were used as the cover material (Tyrrel 2008). 
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Methods: Six static compost piles were established on a grass strip in July 2011 at the 
University of Maine Compost Research and Education Center.  Feedstocks for the piles 
consisted of horse bedding and waste dairy feed in a volume of 3:1 ratio. Feedstocks were 
premixed in a Knight Reel Auggie mixer to assure a homogeneous mixture.  Each pile was 
approximately 12-14 cubic yard of the mixture. Three control piles where built. Mature cow 
carcasses were placed in the middle of the three piles. Piles with carcass were constructed with 
18 inches of material base and two feet of cover material.  The carcasses weighed between 
1000-1500 lbs.  Piles were approximately 13 feet in diameter and five feet tall.  This method is 
recommended by numerous state and federal agencies for routine and catastrophic event 
carcass management. 
Multiple soil samples were collected at a depth of 6 and 12 inches from the diameter outline of 
the compost pile pre and post composting. Soil was analyzed at the University of Maine Soil 
Testing Lab for ammonium- nitrate (NH4-N), nitrate- nitrogen (NO3-N) and total nitrogen (N), 
pH, phosphorous (P), potassium (K) and organic matter (OM).   
Compost material was also collected from throughout the compost pile after 12 weeks of static 
composting and analyzed at the University of Maine Soil Testing Lab.   
Results and discussion:  
The carcass compost pile has two potential sources of N that can be leached to ground water, 
feedstock material and the carcass. The feedstock material used in this project had an average 
of 1.2 % total nitrogen on a dry basis. This equates to approximately 9 lbs. of total N per dry ton 
of feedstock (Table 1) or approximately 77.0 lbs. of N in each compost pile.  
Feedstock material 
characteristics 
%Total 
Solids 
Moisture 
% % TN(dry) 
bulk 
density 
(lbs.) 
lbs. of 
N/ dry 
ton 
lbs. of 
N/cubic 
yard 
C/N 
ratio 
Horse bedding/waste 
feed 38 62 1.2 1200 9.1 5.5 31.8 
 
Table 1.Characteristics of feedstock material used in carcass compost project.  
Solid dairy manure contains approximately 10 lbs. of total N/ton of which 45- 55% is lost when 
field stacked by leaching or volatilization.  
Cow carcasses contain approximately 2% nitrogen by weight. A 1500 lb. Holstein carcass 
contributes approximately 30 lbs. of N to a compost pile.  Nitrogen in carcasses is found 
primarily in soft body tissues and bone which are broken down during the compost process into 
inorganic forms of N.  
The concentration of NO3-N at the 6” and 12” soil levels were low, 19.4 ppm and 3.7 ppm 
respectively.  In the pile after 12 weeks of composting the NO3-N concentration levels were 
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905.1 ppm. The ammonium concentration levels in the soil were an order of magnitude lower 
than in the compost pile, see Figure 1.  
A mass balance was calculated for the NO3-N and NH4-N contribution from the carcass to the 
soil. The carcass contributed approximately 0.085 lbs. of NO3-N and 2.06 lbs. of NH4-N to the 
top 6” of the soil. The 12” soil test indicated 0.037 lbs. of NO3-N and 3.79 lbs. of NH4-N 
contribution from the carcass.  This is a small amount compared to the original amount in the 
carcass compost pile.  
The nitrogen released from the composting of the carcass is captured in the compost pile. A 
strong possibility is that the nitrogen was immobilized by the compost microbes.  
Figure1.  The concentration of nitrate- nitrogen (NO3-N) and ammonium (NH4-N) contributed to 
the soil beneath a carcass compost pile.  
Conclusion: When a carcass is buried the entire amount of N from the carcass has the potential 
to reach groundwater.  Our results indicate that composting a livestock carcass reduces the 
amount of potential N leaching to groundwater by retaining the N in the pile. The compost pile 
was highly active (as indicated by pile temperatures not shown) requiring an adequate source of 
nitrogen for the microbial activity.  
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Abstract 
Emergency disaster preparedness is a key priority to allow effective response to avian disease 
outbreaks. There is a need to develop rapid, humane, and safe depopulation techniques for 
poultry that are widely applicable across a range of farm settings. The efficacy of various gas 
combinations in successful bird euthanasia as determined by physiologic responses has not 
been well studied in previous field euthanasia trials and assessment of animal welfare is 
hampered without this information. In whole barn depopulation studies, 12 cull laying hens were 
surgically instrumented to record EEG, ECG, body temperature, and activity during two large 
scale field liquid CO2 euthanasia trials using end-of-lay hens. The day following surgery, 
instrumented hens were placed in barns, barns were sealed, and animals were killed by CO2 
inhalation. Instrumented birds were monitored by infrared thermography, and ambient 
temperature, and CO2 and O2 concentrations were recorded. For small scale field euthanasia 
trials, we compared the effects of 3 gas mixtures: 100% CO2, 75% argon/25% CO2, or 70% 
nitrogen/30% CO2 on hen physiology (n=8/trial) using specially designed mobile gas chambers. 
Results from these studies indicate that instrumented hens lost consciousness within two 
minutes of CO2 levels reaching 18-20%. Mild to moderate head shaking, gasping and 1-2 clonic 
muscle contractions were noted in hens prior to unconsciousness; however, brain death 
followed rapidly. Loss of consciousness was more rapid with CO2 gas mixtures (nitrogen or 
argon) but also resulted in more vocalization and clonic muscle contractions prior to loss of 
consciousness. Evaluation of welfare costs and benefits suggest clear advantages in whole 
barn settings for use of liquid CO2 for depopulation over catching and transporting cull hens for 
slaughter. Results of these studies are being used to develop national protocols for 
depopulation of hens by CO2 inhalation. 
 
Key words 
whole barn, depopulation, liquid CO2, animal welfare, telemetry
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Introduction 
Global outbreaks of infectious viral avian diseases have highlighted the need for appropriate 
agricultural biosecurity practices and emergency disaster preparedness (Gilpin et al., 2009). 
Once diseases are identified, the common goal of government and poultry industry groups is to 
eliminate all potentially infectious birds from quarantined areas as quickly as possible to 
minimize disease spread. This requires a failsafe, readily available, humane procedure for mass 
depopulation of birds. In addition to disease outbreaks, in Canada, there is limited slaughter 
capacity for end-of-lay (‘spent’) hens. Currently, spent layers may be transported for significant 
distances from their home farm to slaughter facilities. Development of humane and effective on-
farm depopulation practices would eliminate potential handling, fasting, and transportation 
stress experienced by these birds, which are often markedly calcium-deficient and susceptible 
to fractures (Gregory and Wilkins, 1989; Knowles and Wilkins, 1998). 
 
Determining the best method of humanely depopulating large flocks of birds remains 
problematic. Because of animal welfare, biosecurity, and occupational health and safety 
concerns, the selected method must be rapid, humane, safe for the operators, readily available 
across the country, and easy to use. Ideally, the technique should be transferable to other avian 
species and should be broadly applicable to a range of housing conditions and circumstances. 
CO2 inhalation is considered an acceptable technique for poultry euthanasia according to the 
2007 AVMA Guidelines on Euthanasia, and is also used for stunning at slaughter. Liquid carbon 
dioxide piped directly from tanker trucks into sealed barns was used successfully for mass 
depopulation of birds during an avian influenza epizootic in British Columbia in 2002, but there 
was criticism surrounding the delivery system, the efficiency, and the humaneness of the 
process. Since that time an improved gas delivery manifold has been developed, overcoming 
many of the problems associated with the liquid/gas phases and extreme temperature changes 
noted in the barn. Further, there has been interest in alternative methods of mass euthanasia of 
avian species using other gas methods and two additional candidate gasses have been 
considered. A nitrogen/CO2 (70/30) combination has been used experimentally in the UK with 
promise. Argon/CO2 mixtures have also been used for stunning in poultry processing facilities in 
the EU for several years.  
 
While this paper will focus on whole barn depopulation techniques using liquid CO2, field 
evaluations have also been conducted using a mobile chamber capable of holding up to 800 
birds in specially designed pullet carts, as well as a smaller hinged-top modified atmosphere 
chamber designed to hold up to 600 birds. Monitoring of birds in all experimental settings was 
accomplished using surgically implanted telemetry equipment. This equipment allows hens to 
move freely, unimpeded by wires, permitting monitoring of brain wave activity (EEG), heart 
activity (EKG), body temperature and overall activity. Bird behavior was monitored using an 
infrared thermography camera, which permits visualization of birds in the dense fog associated 
with CO2 gas. CO2 and O2 concentrations were monitored at regular intervals and correlated 
with physiologic findings. These studies allowed us to determine time to unconsciousness, time 
to death, alterations in heart function, and bird behavior, all correlated with real-time 
atmospheric gas concentrations. Our efforts are directed towards determining practical options 
to depopulate avian species in a safe and humane manner. 
 
Materials and Methods 
The first whole barn study was conducted with a flock of caged end-of-lay white Leghorn hens. 
Eight hens were selected for telemetry instrumentation. Animals were housed in suspended 
galvanized metal cages with front feeders and sloped cage floors for automated egg collection 
at the cage front. Cages were arranged in five rows with four tiers of cages per row within a 
 
 4th International Symposium on Managing Animal Mortality,  Dearborn, MI   May 21-24, 2012 
Products, By Products and Associated Health Risk 
 
steel clad, insulated stud wall barn with a poured concrete floor, in-floor piped water heating, 
and a partial concrete side wall. The barn was equipped with a belt manure system under the 
cages and manure was moved by auger to an adjacent manure storage shed.  
 
A flock of end-of-lay free range ISA Browns was evaluated for the second study. Animals were 
loose housed on slatted flooring with a manure belt underneath. The barn construction 
consisted of insulated stud walls with sheet metal siding and roofing, and a poured cement floor. 
A belt egg collection system connected the test barn with other barns.  
 
Birds selected for telemetry monitoring were anesthetized and surgically instrumented at least 
24 hours prior to gassing with sterile transmitters (DSI) containing two biopotential leads for 
recording electroencephalographs (EEG) and electrocardiographs (ECG), as well as activity and 
body temperature. Animal behavior was evaluated directly by infrared videography. 
 
Pressurized liquid CO2 was supplied by bulk tanker trucks using a specially engineered gas 
discharge manifold system that was constructed from copper to vaporize liquid CO2 and 
dissipate the gas stream into the barn. For both barns, large openings to the hen housing area, 
including the manure and egg belt exits, were filled with fibreglass insulation batts and sealed 
using plastic sheeting and duct tape. All windows, doors and fans were similarly sealed. Attic 
and upper sidewall air inlet openings were not sealed to allow ambient barn air to escape and to 
avoid pressurization. CO2 and O2 concentrations and ambient temperatures were monitored 
throughout the procedures. 
 
Results and Discussion 
These whole barn depopulation studies demonstrated that end-of-lay hens held in either free 
range or caged conditions can be rapidly and safely killed with 100% mortality using liquid CO2. 
During induction, birds demonstrated brief periods of head shaking, open-mouthed breathing, 
vocalization, wing stretching, and up to 1-2 clonic muscle contractions prior to loss of 
consciousness. Despite this, there was no evidence of mass escape behavior, as birds in the 
free range barn were found evenly distributed over the floor area when the barn was entered at 
the end of the trial. Instrumented birds being monitored by videography became unconscious, 
as measured by changes in EEG activity and by marked postural changes, at less than 2 
minutes, correlating with ambient CO2 levels of 18%-20%. Cardiac abnormalities developed as 
CO2 levels and hypoxia increased and brain death occurred approximately 5 minutes after 
turning the gas on. Heart beating was observed well after brain death; however, analysis of the 
ECG patterns demonstrated arrhythmias inconsistent with normal heart function. There was no 
evidence of birds being frozen prior to death and ambient barn temperatures were maintained 
well above freezing during the period of time that animals were alive and conscious. 
 
The findings from this study are consistent with results seen when either end-of-lay hens or 
broiler chickens are stunned or euthanatized by CO2 inhalation in small chamber controlled 
atmosphere environments (Kingston et al., 2005; Gerritzen et al., 2004, Webster and Fletcher, 
2001; McKeegan et al., 2007). Typically, higher CO2 levels (35%-45%) are used for stunning-kill 
procedures in abattoirs because of the shorter exposure period of birds to gas prior to 
exsanguination. Association of only mild, nonsignificant increases in heart rate in this study with 
increasing levels of ambient CO2 suggests that hens were not significantly distressed during the 
induction phase. Violent wing flapping has been reported with sudden exposure to high levels of 
CO2 or CO2-inert gas mixtures, and this is attributed to tonic-clonic seizure activity (McKeegan 
et al., 2005). It is unclear in our study whether the wing stretching noted in the instrumented 
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birds was related to CO2-induced muscle acidosis or was a response to counter loss of balance 
during hypercapnea induction. 
 
Some welfare concerns were noted in this study and included early signs of respiratory 
stimulation and vocalization during CO2 induction; death was not instantaneous and in the larger 
barn, it took up to 10.5 minutes for all birds to be rendered unconscious after initiating pumping 
of liquid CO2; and 1-2 clonic contractions occurred in hens prior to the onset of 
unconsciousness. These concerns must be balanced with human safety and animal welfare 
concerns seen with traditional methods of hen depopulation. For situations in which 
depopulation must occur because of infectious disease concerns, whole barn gassing clearly 
optimizes biosafety by minimizing contact between handlers and live birds. The barn can be 
sprayed with disinfectant post-gassing and carcasses and litter left in situ. For routine 
depopulation of end-of-lay hens, we believe that whole barn gassing may offer a number of 
significant improvements for animal welfare, particularly for situations in which animals must be 
transported long distances for slaughter and processing. There is no need for food or water 
withdrawal prior to gassing, animals are maintained in a familiar environment; and no handling 
is required, an important consideration because animal catching and handling may be stressful 
to birds (Yalcin et al., 2004) and because of the fragile skeletons of hens at end-of-lay, resulting 
in inadvertent fractures during loading and unloading (Gregory and Wilkins, 1989; Knowles and 
Wilkins, 1998). Lengthy transportation and wait times at slaughter facilities may also be 
significant sources of stress for cull hens and are eliminated with whole barn gassing. On 
balance, when weighing the costs and benefits for animal welfare, large welfare improvements 
may be realized with whole barn CO2 gassing of laying hens. 
 
Conclusions 
This study demonstrated that liquid CO2 delivery to whole barns is a viable means of humanely 
depopulating layer hens. Some welfare concerns are noted for this method, including signs of 
respiratory irritation and muscle acidosis (clonic muscle contractions) prior to loss of 
consciousness; however, loss of consciousness is rapid after CO2 induction. It is essential that 
proper safety procedures be in place when using this technique and that the procedure be 
appropriately supervised to ensure rapid loss of consciousness of hens while minimizing risks to 
personnel. 
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Abstract. With the decline of the rendering industry, disease issues, ban on use of downer cows and 
rules to halt the sale of horses for slaughter, environmentally safe and sound practices for disposal of 
horses and livestock mortality are limited. Improper disposal of carcasses containing veterinary drugs 
has resulted in the death of domestic animals and wildlife. Composting of mortalities has been 
performed successfully to reduce pathogen levels, nutrient release and biosecurity risks. Properly 
built mortality compost piles deter scavenging by wildlife and other animals. However, there is 
concern that drugs used in the livestock industry in feed and for health may not degrade and will 
persist in compost or leachate, causing threats to the environment, wildlife, domestic animals and 
humans. Two classes of drugs commonly used in the livestock and horse industry include 
barbiturates for euthanasia and non-steroidal anti-inflammatory drugs (NSAID) for relief of pain and 
inflammation. Sodium pentobarbital (a barbiturate) and phenylbutazone (an NSAID) levels in liver, 
compost, effluent and leachate were analyzed in two separate horse mortality compost piles in two 
separate years. Horse liver samples were also buried in 3 feet of loose soil in the first year and drug 
levels were assessed over time. In year one, phenylbutazone levels in the liver of the horse were 
undetectable (< 10 ppb) by 20 days of composting or burial in loose soil and were undetectable in  
effluent from the pile at the time of first sampling on day 6. Pentobarbital levels in the liver were 
undetectable (< 10 ppb) in liver samples retrieved from both the compost pile and loose soil by 83 
days of composting. Rate of decay was faster in the soil, exponentially decreasing by 18% per day, 
with a half-life of 3 days, than in the compost pile where there was a 2% decrease per day and a 
half-life of 31 days, but occurred at the same rate of 1% and a half-life between 55 and 67 mesophilic 
degree days when calculated on the number of mesophilic degree days to which it was exposed. 
This indicates that breakdown of pentobarbital may not be initiated due to the heat of composting, 
but more likely by biological degradation that occurs in both soil and compost at mesophilic 
temperatures. Pentobarbital in the effluent decreased by 20% per day with a half-life of 3.1 days but 
was still detectable (0.1 ppm) at 223 days of composting. In year 2, phenylbutazone was not 
detected in any of the samples analyzed (compost and leachate) other than blood taken from the 
jugular vein of the horse immediately after euthanasia. Pentobarbital levels in the compost were still 
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detectable after 224 days of composting, but had decreased from 79.2 (initial dose) to 5.8 ppm. 
Pentobarbital in leachate was 2.2 ppm at day 56 of composting after which no additional fluids 
leached into the leachate collection containers.  Rate of decay in the leachate was 35.2% per day 
with a half-life of 1.6 days. Composting, as a means of disposal of euthanized or NSAID treated 
livestock, when managed properly, will deter domestic and wild animals from scavenging on treated 
carcasses when they contain the highest drug levels, and the resulting compost contains either no or 
very low levels of both NSAIDs and barbiturates rendering it safe for use on farm fields. 
Keywords. euthanasia, barbiturates, NSAIDs, animal mortality, composting, carcass disposal
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Abstract.  Rendering is one of the technologies that could potentially be used to dispose of 
large numbers of animal carcasses generated during a response to a foreign animal disease 
(FAD) outbreak.  However, guidance is not available on restoring a rendering plant to normal 
operation following its use for disposal as part of an FAD incident response.   Understanding the 
fate of biological agents of concern within a rendering facility is critical to developing strategies 
to clean the plant so that it can be returned to normal operation. A series of tests was run on a 
rendering facility in Des Moines, IA to investigate issues related to a) assessing the fate of 
biological agents entering the facility with the raw materials; and b) assessing the ability of 
common cleaning techniques to reduce the load of biological agents within the plant.  These 
tests involved (in chronological order): 1) initially cleaning the plant to reduce the load of organic 
material; 2) sampling locations inside the plant to assess initial concentrations of biological 
agents; 3) inoculating incoming raw material with an aqueous mixture of Bacillus atrophaeus 
spores and fluorescent microspheres (0.99 µm) and allowing the plant to operate normally for a 
day; 4) sampling the same locations within the plant to assess the spread of the inoculum; 5) 
cleaning the plant; 6) post-decontamination sampling of the same locations within the plant to 
assess the reduction of the inoculated materials.  This paper describes the results from those 
tests. 
Keywords. Carcass, Disposal, Rendering, Decontamination, FAD 
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Introduction 
Rendering is one of the technologies that could potentially be used to dispose of large numbers 
of animal carcasses generated during a response to a foreign animal disease (FAD) outbreak 
(Kansas State University, 2004).  There are currently approximately 300 rendering facilities in 
North America (National Renderers Association, 2012).  However, guidance is not available on 
restoring a rendering plant to normal operation following its use for disposal as part of an FAD 
incident response.  Therefore, in collaboration with the U.S. Department of Agriculture’s Animal 
and Plant Health Inspection System (USDA/APHIS), Darling International, Inc., and the National 
Renderer’s Association, the U.S. Environmental Protection Agency (EPA) conducted a study to 
evaluate fugitive emissions of a biological agent surrogate released from a rendering process, 
and subsequent cleanup procedures.  For this project, the work group agreed upon several 
objectives: 
 To generate data on fugitive emissions of a biological surrogate from the rendering process; 
 To determine if decontamination methods and solutions are effective at reducing the 
surrogate bacteria levels on the inside surfaces of the rendering facility; and 
 To develop standard procedures for appropriately clearing a rendering facility that has been 
used for “disposal rendering” after an FAD outbreak so that it can be returned to normal 
production. 
Note that at this point, cleanup goals were not identified; this effort intended to identify potential 
cleanup approaches and sampling strategies to use. 
This project has the potential to develop protocols that could be included in subsequent tabletop 
exercises and for possible future incidents. 
Environmental characterization, decontamination, and clearance are critical components of a 
comprehensive public health recovery strategy in the aftermath of an FAD incident or intentional 
release of a biological agent.  Rendering plants could play a critical role in the nation’s response 
to an FAD event by assisting in the control of diseases and providing a mechanism to recycle 
usable animal carcasses to safe and usable products.  The National Response Framework 
(NRF) (U.S. Department of Homeland Security, 2009) requires multiagency participation and 
identifies USDA as the lead agency for carcass disposal with the EPA a support agency. 
As one step towards addressing the process for returning a rendering plant to normal operation, 
the EPA, USDA/APHIS, and the rendering industry are working together to evaluate fugitive 
emissions of a biological surrogate released from a rendering process and potential cleanup 
approaches.  The evaluation process includes characterizing the biological footprint of a 
rendering plant, determining a biological surrogate, pre-release sampling, post-release 
sampling, decontamination of a rendering facility, and post-decontamination sampling. 
The rendering facility selected for this study is the Darling International, Inc. (Darling) rendering 
plant located at 601 SE 18th Street, Des Moines, Iowa.  This plant is representative of a plant 
design that would potentially be used for disposal rendering following an FAD incident.  The 
Darling rendering plant processes animal by-product materials for the production of tallow, 
grease, and high-protein meat and bone meal.  Raw materials such as animal by-product 
materials, animal carcasses, grease, feathers, offal, and blood are collected from a variety of 
commercial locations including butcher shops, supermarkets, poultry processors, 
slaughterhouses, farms, ranches, and feedlots. From these raw materials, the Darling rendering 
plant produces products that are used in livestock and poultry feed, soap, inedible tallow and 
grease. 
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The Darling rendering plant uses a dry process to produce inedible products.  The dry process 
involves the use of steam to cook the raw material and accomplish separation of the fat.  Dry 
rendering is a batch or continuous process that dehydrates raw material to release fat.  
Following dehydration in batch or continuous cookers, the melted fat and dry protein solids are 
separated as final products.  Figure 1 depicts this process pictorially. 
 
Figure 1.  Conceptual Diagram of Rendering Plant 
Materials and Methods 
Plant Description 
Figure 2 shows a pictorial description of the Darling plant layout in Des Moines, IA.  Raw 
material is dumped into the pit area (upper left corner of Figure 1, lower left corner of Figure 2), 
where it is fed into a macerator and augered up a ramp into the cooker.  Water is boiled off and 
processed through wet scrubbers.  The tallow is skimmed off and the residual solids in the 
cooker are filtered to remove residual grease.  The pressed cake or meal (crax) and grease 
(tallow) are then transferred into trucks for further processing off-site. 
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Figure 2.  Darling Plant Layout 
Scoping Tests 
On January 6, 2010, project team members toured the Darling International plant.  During the 
visit, a total of six (6) opportunistic swab samples were collected by EPA personnel.  Each swab 
sample was collected from a 10 cm by 10 cm area with a dry, unsterilized swab and placed in a 
non-sterile re-sealable plastic bag.  Samples were logged on a facility map, pictures were taken 
of the sample locations, and the time/date of sampling was recorded.  All samples were streak 
plated at the EPA Office of Research and Development’s (ORD’s) laboratory in Research 
Triangle Park, North Carolina onto two Tryptic Soy Agar (TSA) plates.  One plate was incubated 
at 35 degrees Celsius (°C) and the other at 55 °C for 24 hours.  Results indicated no growth 
(zero colony forming units [CFU]) on all but two of the samples.  The two samples with growth 
were collected from the auger leaving the receiving floor (both 35 and 55 °C) and from the 
carcass entry door (35 °C only).  Sampling was initially not planned at the plant tour and there 
was not any wetting solution available, but the opportunistic samples were acquired anyway to 
provide some background information that could be used for the Initial Plant Sampling effort. 
Initial Plant Sampling 
On June 15, 2010, rendering plant personnel collected environmental surface samples from the 
Darling rendering plant.  The swab samples were collected using sterile swabs moistened with 
either Amies or Stuart’s transport media –- odd number samples were collected using Amies 
transfer media and even numbered samples were collected using Stuart’s transfer media.  The 
swab samples were used to inoculate Brain Heart Infusion (BHI) broth tubes which were 
incubated overnight at 35 °C and 55 °C.  The 55 °C pre-enrichment broth cultures were 
streaked for isolation on BHI agar and incubated overnight at 55 °C.  Growth was detected at 55 
°C on 28 of the 32 collected samples.  The 35 °C pre-enrichment broth cultures were streaked 
for isolation on BHI agar and incubated overnight at 35 °C.  At 35 °C, copious growth was 
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detected on all 32 samples.  From the streak plates incubated at 55 °C, 32 pure cultures were 
isolated on BHI agar slants which were incubated at 55 °C.  Five additional 55 °C plates 
contained prolific spreader organisms which were not isolated during this study.  Polymerase 
chain reaction (PCR) was conducted on the 32 isolated cultures to amplify the 16S ribosomal 
ribonucleic acid (rRNA) gene from the bacterial isolates.  Bacterial identity was selected from 
the top 25 BLAST nucleotide database results with maximum identity greater than 90%.  Gram 
reaction and morphological characteristics were utilized to confirm the identity of bacterial 
isolates. 
Based on these initial scoping tests, selection of an appropriate surrogate for plant inoculation 
tests with the following characteristics was desired: 1) did not exist in background samples from 
the plant; 2) was consistently identifiable in spite of the high levels of biological organisms 
present in the background of the plant. 
The background concentrations of two potential surrogates, Geobacillus stearothermophilus and 
Bacillus atrophaeus (aka Bacillus globigii, or BG), were evaluated in the rendering plant.  A 
thermophilic bacterium like G. stearothermophilus would be the best surrogate, because the 
high incubation temperature (55 °C) would kill many of the background microorganisms that 
could confound analysis. 
On October 18-20th, 2010, Dynamac personnel collected 26 samples (twenty-four swab and two 
waste water samples) from 13 areas of the Darling plant.  Two swab samples were collected 
from adjacent areas at 12 sample locations that included the receiving floor, hard surfaces, 
grinders, and crax area.  One of the swabs was used for community characterization (PCR/ 
deoxyribonucleic acid [DNA] sequencing) and the other swab was used for enumeration. The 
two wastewater samples were collected from the wastewater collection sump near the 
equalizing tanks.  The initial round of plating swabs was analyzed in duplicate and results 
indicated very little growth from the swabs.  Therefore, to ensure isolates for study, the pre-
enriched swabs were plated ten times each to try to obtain thermophilic isolates.  Isolates were 
transferred to slants and gram stained.  PCR was conducted on the isolates from the slants and 
the waste water to amplify the 16S rRNA gene from the bacterial isolates.  Amplified 16S rRNA 
samples were sequenced and then analyzed using the BLASTn program (a variant on the 
BLAST program specialized for “nucleotide-nucleotide” alignments), available on the National 
Center for Biotechnology Information (NCBI) website.  Bacterial identity was selected from the 
top twenty five BLAST nucleotide database results with max identity greater than 90%.  Initially, 
only 14 isolates were successfully amplified and submitted for sequencing.  In the second 
isolation attempt, 72 isolates were obtained.  Many of these isolates were deemed likely 
duplicates based on gram stain and morphology.  After amplifying, these 72 isolates were 
submitted along with four positive controls in duplicate (eight in total).  The positive controls 
were prepared in the laboratory and processed with the samples collected in the field.  The 
positive controls were prepared utilizing media and wetting solutions that were utilized for field 
samples and inoculated with ATCC 7953 Geobacillus stearothermophilus, ATCC 12980 
Geobacillus stearothermophilus, ATCC 12978 Geobacillus stearothermophilus, and 
SPORTROL* Spore Suspensions, NAMPA (VWR Scientific Products, Inc., # 19872-024). 
Bacterial identification results using PCR and amplicon sequencing indicated lack of sensitivity 
of the procedure for identification of Geobacillus stearothermophilus. Only 37.5% of the positive 
controls were successfully identified as Geobacillus stearothermophilus by the procedure. 
Results of this study, as well as literature articles (Kuisiene et al., 2007), indicate that further 
work on Geobacillus stearothermophilus may require construction of GEOBAC primers, which 
was beyond the scope of this study.  Because thermophilic bacterial enumeration results 
revealed wide variability between duplicates, the experimental procedure on swab samples 
using BHI and both standard phosphate (PO4)/magnesium chloride (MgCl2) and lecithin buffer 
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was repeated twice.  The problems in the variability of the results and the lack of results with the 
preferred surrogate organism, G. stearothermophilus, resulted in re-evaluation of the surrogate 
to use for the Inoculation and Cleaning tests. 
Decision on Surrogate for Inoculation and Cleaning Tests 
To maximize the ability to detect the inoculated surrogate in the Inoculation and Cleaning tests, 
it was decided to include Phosphorex, Inc. DegraFluorex™ Polylactic-co-glycolic acid (PLGA) 
fluorescent microspheres (catalog #LGFG1000, lot # 101028-187) in the inoculum with a spore-
forming bacterium.  To make a final decision on the surrogate to use for the Inoculation and 
Cleaning tests, G. stearothermophilus was abandoned as a potential surrogate and a series of 
laboratory challenge samples was prepared using BG and PLGA microspheres.  BG and PLGA 
were used to spike protein-based stock (i.e., suet) (1 gram each), grease (1 mL each), and 
deionized (DI) water (1 mL each).  These media were spiked with freshly-grown BG at a 
concentration of 1 x 108 colony forming units (CFU)/sample (0.1 mL of a 1 x 109 CFU/mL 
culture).  Separate portions of meat and grease and DI water were spiked with PLGA 
microspheres [1 micrometer; green color; Ex/Em (nm) 460] at approximately 1 x 106 beads/g or 
mL (0.1 mL of a 3 µg/mL solution was added to 1 g or 1 mL of meat or grease, respectively) 
after nucleic acid extraction. The purpose of these samples was to assess the abilities of the 
laboratory to identify BG through PCR and measure BG and PLGA from matrices simulating 
those found at a meat rendering facility. 
B. atrophaeus DNA was detected using a real-time polymerase chain reaction (RT-PCR) assay 
specific for the sequence encoding the Replication Termination Protein (rtp), present on the BG 
chromosome, and PLGA microspheres were detected by direct microscopic count.  The B. 
atrophaeus rtp RT-PCR assay was established using a standard curve prepared from B. 
atrophaeus genomic DNA and tested using spiked samples.  Direct microscopic counts were 
performed using disposable hemacytometers (iNCYTO, part number: DHC-NO1-5) and a Zeiss 
epifluorescent microscope. 
B. atrophaeus DNA was detected in water samples but not in meat or grease samples when 
analyzed directly.  After extraction of nucleic acids using a commercial kit, B. atrophaeus DNA 
was detected in all three matrices.  However, recovery of B. atrophaeus DNA signatures was 6-
7% for water samples and less than 1% in meat and grease samples. 
PLGA microspheres were detected, and within countable range, when visualized in water or 
meat samples.  However, autofluorescence from the grease at the same wavelength as the 
PLGA particles inhibited detection and counting of PLGA microspheres in grease samples. 
The results of the study showed that B. atrophaeus nucleic acids and PLGA microspheres are 
detected at levels several orders of magnitude lower than the actual spiked quantities.  In their 
results, the laboratory recommended that to ensure efficient distribution of the spike within the 
sample matrix and sufficient recovery of target signatures, spikes should be prepared to contain 
approximately 1 x 108 CFU and 1 x 108 beads/g or mL. 
Additionally, B. atrophaeus rtp was not detected in direct analysis of meat or grease samples.  
Proteases and nucleases present in the meat and grease matrices as well as other PCR-
inhibitors may have prevented direct detection of target DNA.  The laboratory stated that in 
some cases, PCR inhibition can be overcome by dilution or by extracting the nucleic acid 
samples from the sample matrix.  Also, the laboratory recommended that extraction using a 
simple DNA purification kit would result in detectable signatures in the meat and grease 
samples, but at levels lower than the expected concentration (recovery was less than 1%).  
Sample dilution might be a better alternative for these sample matrices, or a more desirable 
solution for the end users, but testing would be necessary to determine the optimal dilution to 
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overcome PCR inhibition without significant loss of target DNA.  An internal positive control  
(IPC) kit designed to test for the presence of inhibitors in PCR samples by analysis of an 
exogenous target DNA could also possibly be used to test neat and diluted samples prior to 
analysis to determine the optimal conditions for B. atrophaeus rtp detection.  In their report, the 
laboratory recommended that samples undergo an extraction procedure, either using a 
commercially-available kit for purification of DNA or other standardized method, prior to analysis 
by RT-PCR. 
Lastly, the laboratory stated that grease samples are not amenable to direct microscopic 
observation and that PLGA microspheres are not distinguishable from the matrix due to 
background autofluorescence from the grease.  The laboratory stated that PLGA spheres may 
be washed or extracted from the grease, or that sample dilution could overcome the 
interference, but further experimentation would be required to develop a feasible method for 
visualizing PLGA microspheres from the grease matrix.  B. atrophaeus cells may be visible in 
grease samples under phase contrast, or in the presence of an appropriate stain, but further 
research would be necessary to develop an appropriate visualization method.  Based on these 
observations, the laboratory recommended that grease matrix samples be spiked with B. 
atrophaeus only. 
Based on these laboratory challenge samples, it was decided that the inoculum for the 
Inoculation and Cleaning tests would consist of an aqueous mixture containing 1 x 1011 CFU of 
Bacillus atrophaeus spores and 1.47 x 109 beads of PLGA microspheres and a surfactant 
dissolved in 1 gallon of distilled water, and this mixture was sprayed evenly over the load in 
each truck that arrived on site during the inoculation portion of the study. 
Inoculation and Cleaning Tests 
A total of 124 sample locations were identified and air (34), surface, and equipment (90) 
samples were collected from those locations throughout the Darling rendering plant, including 
the process room, grinders, and outside the cooker.  The air sample locations were picked 
randomly inside and outside the plant.  Outside air sample locations were positioned on all sides 
of the plant, but the majority of the samples were collected downwind of plant operations.  Inside 
air sample locations were concentrated in high dust areas or areas where crushing and grinding 
could aerosolize the surrogates or fomites with surrogates attached could be projected from the 
processes. 
Dynamac personnel collected two wipes from each of the surface sampling locations.  One wipe 
(designated as ABC) was collected for community characterization by PCR, enumeration, and 
PLGA identification.  A second sample (designated as D) was collected and stored for archival 
purposes  at EPA’s laboratory facilities in Research Triangle Park, NC. 
The study acquired samples after initial cleaning of the plant; prior to inoculation with the 
surrogates; during the inoculation of the feed material with the surrogates; after processing 
inoculated carcasses for eight hours; and after the final cleaning of the plant.  In addition, two 
samples were collected as part of a grinder study, after the dispersal, processing of 
contaminated carcasses and decontamination of the plant to study the fate of residual surrogate 
contamination in the grinder.  Table 1 provides an outline of the study events. 
Based on previous research that demonstrated that pressurized spray-based decontamination 
technologies can reduce surface contamination (Calfee et al., 2012), Darling plant workers 
cleaned parts of the plant over the course of several weekends in advance of the sampling to 
remove bulk loading of organic material from plant surfaces.  Plant personnel utilized existing 
plant methods and external contract personnel to clean the plant.  Figure 3 shows a diagram of 
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the areas of the plant that were cleaned prior to inoculation.  Table 2 outlines the areas that 
were cleaned and the cleaning methods that were utilized. 
Water heated to approximately 180 to 200 °F was used to wash any loose particles from the 
surfaces.  Plant personnel also used brooms, shovels, scrapers and brushes to loosen gross 
contamination.  Heated water was then used to rinse the area.  If existing plant water lines could 
not reach an area of the plant, plant personnel utilized pressure washers and a “steam genie” 
(www.steamgenie.com) to power wash these surfaces. 
Following cleaning, a total of 11 sample locations (four surface samples and seven air samples) 
were sampled throughout the plant as background samples prior to the release of the PLGA and 
BG, the biological surrogate. 
 
4th International Symposium on 
Managing Animal Mortality, Products, 
By Products and Associated Health Risk Dearborn, MI May 21-24, 2012 
9 
 
Table 1.  Timeline of Events for Inoculation and Cleaning Study 
Day 
Day of 
Week Time Primary Task Additional Task 
 Samples  Notes/Assumptions 
Wipe Wipe 
Blanks 
Air Air 
Blanks 
Final 
Tallow 
Final 
Crax 
 
1,2 Sat & 
Sun 
Work Shift Pre-Cleaning 
(weekend 1) 
       Weekend 1: Cleaning conducted by plant (no oversight) 
8,9 Sat & 
Sun 
Work Shift Pre-Cleaning 
(weekend 2) 
       Weekend 2: Cleaning conducted by plant (no oversight) 
15/ 
16 
Sat & 
Sun 
Work Shift Pre-Cleaning 
(weekend 3) 
Oversight / 
Documentation, Finalize 
Sample locations 
      Weekend 3: Cleaning conducted by plant (no oversight). 
19 Weds. Work Shift Background 
Samples 
Scoping and Prep, 
Documentation, Package 
and Ship samples 
4 1 7 1   Collect background samples throughout entire facility. 
20/ 
21 
Thurs., 
Fri. 
As trucks are 
available 
Inoculate loads of 
carcasses 
Documentation   2 1   Inoculate carcasses as loads arrive either off-site or in a 
containment area to prevent spreading. 1) Spray the carcasses 
down; 2) Spike carcasses in each load with the surrogate.  3) 
Continue inoculating for one 8-hour shift. 
21 Fri. Work Shift (8 
hours) 
Process 
Contaminated 
Carcass 
Sampling, Documentation   5 1   Inoculated material will be processed for 8 hours. 
21 Fri. Work Shift (8 
hours) 
Stage 1 - Process 
Sampling 
Documentation, Package 
and Ship samples 
8 2     Sampling during processing of inoculated material.  Eight hr air 
samples will be initiated in the process area & throughout the 
building.  Surface wipe samples will be taken every two hours from 
grinder feed 
21 Fri. Immediately 
afterward 
Post Dispersion 
Sampling 
Scoping and Prep, 
Documentation, Package 
& Ship samples 
22 5     Immediately after all inoculated carcasses have been processed, 
Samples will be collected throughout whole facility. 
21 Fri. After Post 
Dispersion 
Sampling 
Process Clean 
Carcasses 
Documentation       Plant will process clean material for eight hours 
21 Fri. After process 
runs for 2 hr 
Stage 2 -  
Process 
Sampling 
Documentation 8 2     Collect surface wipe samples from the grinder.  Surface wipe 
samples will be taken randomly every two hours from grinder feed 
22/ 
23 
Sat & 
Sun 
All day Plant Cleaning Documentation       Cleaning conducted by the plant (oversight by EPA sampling 
contractors) 
24 Mon. After cleaning is 
complete 
Post Cleaning 
Sampling 
Documentation, Package 
and ship samples 
40 8 8 1 1 1 Samples collected throughout whole facility, including the 
processed raw material (tallow and crax). 
24 Mon. During 
processing 
Grinder Study Documentation, Package 
and ship samples 
2 2     All samples from grinder.  Collect sample at beginning of day and 
then every hour for 8 hours 
    Total Samples 84 20 22 4 1 1  
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Figure 3.  Diagram of Areas of Darling Plant Cleaned Prior to Tests 
 
Table 2.  Darling Plant Cleaning Schedule 
Day 
Area of Plant 
 
1-2 Raw Bay I Raw Bay II 
  Scraping lower walls, floor, receiving pits Scraping lower walls, floor, receiving pits 
  Cleaning ceiling, walls, floor Cleaning ceiling, walls, floor 
8-9 Soapstock, fleshing areas & truck bays Duke/skimmer room 
  Cleaning ceiling, walls, floor-non electrical 
equip 
Cleaning ceiling, walls, floor and non-electrical equip 
     
15-16 Cooker room, meal load-out Work tank area 
  Cleaning ceiling, walls, floor-non electrical 
equip 
Cleaning ceiling, walls, floor, non-electrical equip 
22-23 All other areas done on previous weekends All other areas done on previous weekends 
  Hot water wash down Hot water wash down 
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During the Inoculation Phase of the study, the PLGA and B. atrophaeus (BG) solution was 
sprayed on each truck load of carcasses intended for processing in the rendering plant for an 
eight-hour shift.  The PLGA and B. atrophaeus (BG) was sprayed on the carcasses into and 
onto the load using a hand sprayer (D.B. Smith Roundup Backpack® Sprayer), containing the 
surrogates and a phosphate buffer solution, filled to a gallon level with distilled water.  The 
estimated level of contamination was ≥109 CFU of BG and approximately 50 mg of PLGA 
(~1.47x 109 spheres per mg) per truckload. Once each truck arrived at the plant, the tractor 
number and trailer information were documented.  The carcasses loaded into the truck trailer 
were sprayed prior to entering the facility, outside in the truck de-tarping area located on the 
south side of the plant.  During one eight-hour shift, all arriving loads (approximately 16) were 
inoculated and carcasses processed.  After each truck dumped its load of inoculated carcasses, 
the truck bed was washed out with water and dumped inside the bay prior to leaving the 
dumping area.  Prior to leaving the site, trucks were sprayed with an amended bleach solution 
(1 part Clorox® bleach, 1 part white vinegar, 8 parts water) to minimize potential for cross-
contamination should that truck return to the site prior to the post-cleaning sampling. 
A total of six air samples were collected from this area with personal sample pumps (four test air 
samples and two Quality Assurance/Quality Control (QA/QC) air samples).  All air samples were 
collected with SKC AirChek 2000 personal sampling pumps and calibrated with a Bios® DC-Lite 
dry cell calibrator to 1.0 liters per minute.  The medium was 37-mm multicellulose esterase 
filters in three stage pre-loaded cassettes.  Air samples were collected in four areas during the 
inoculation of the carcasses.  Three air samples (to the east, west, and south) were collected in 
the area adjacent to the de-tarping area.  A fourth sample was collected by the large door. All 
doorways near the de-tarping area remained closed during the inoculations.  To reduce 
contamination, the inoculation person did not enter the plant during this stage of the study.  After 
all of the trucks were inoculated, the inoculation person was sprayed off with water prior to 
leaving the area, their personal protective equipment (Saranex overalls and gloves), was 
removed and disposed, and their boots were removed and left outside the plant for later use. 
During the Pre-decontamination Phase of the study, the plant processed inoculated material for 
eight hours.  Two wipe samples were collected from the grinder every two hours during the eight 
hours of processing (eight wipes total).  Samples were collected from the grinder in the same 
location each time during this stage of the study. In addition, a total of four eight-hour air 
samples were initiated at the start of the eight-hour shift.  The air samplers were distributed in 
the dustiest areas of the plant, including the skimmer area, the cooker area, the storage bin 
area, and near the plant exhaust vent.  The purpose of the air samples was to provide a 
measure for contamination of the plant over time.  Figure 4 shows the locations of the post-
inoculation samples.  After the eight-hour shift was completed and all of the contaminated 
carcasses were processed, the plant processed uncontaminated (clean) carcasses for eight 
hours. 
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Figure 4.  Location of the Post-Inoculation Samples. 
Following the Process sampling, plant personnel cleaned the facility.  Under the oversight of 
EPA contractors, plant personnel utilized existing plant methods and external contract personnel 
to clean the plant.  Particular attention was paid to the grinder area, tipping floor, pits, the 
processing area, and building floors.  As access allowed, plant personnel would attempt to clean 
any augers used in the process by utilizing typical plant cleaning protocols. 
After the cleaning had been performed by plant personnel, samples were collected from 53 
sampling locations.  Thirteen air locations and 40 surface locations were sampled to determine 
the effectiveness of the cleaning.  The 40 surface locations are outlined in Figure 5.  Attempts 
were made to acquire samples in the near vicinity of previous sample locations, but not on 
exactly the same spot. 
Table 3 summarizes all the samples collected in the background, inoculation, pre-
decontamination, and post-decontamination phases of the project. 
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Figure 5.  Post-Decontamination Phase Sampling Locations 
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Table 3 - Summary of samples to be collected in the Background, Inoculation, Pre- 
Decontamination, and Post-Decontamination phases. 
Phase Primary Task Matrix Measurement 
Samples Locations QA/QC Sample Locations 
Wi
pe Air 
Final 
Tallow 
Final 
Crax Air Blanks 
Air 
Spike 
Wipe 
Blanks 
Ba
ck
gr
ou
nd
 
Pre-Cleaning 
(weekend 1) 
         
Pre-Cleaning 
(weekend 2) 
         
Pre-Cleaning 
(weekend 3) 
         
Background 
Samples 
Wipe of non-
porous surfaces; 
MCE Filter of air 
Wipe: Culture and counts 
of CFU; PCR; PLGA 
 
Air: PLGA/Biologicals 
4 7   1  1 
Ino
cu
lat
ion
 
Inoculate loads 
of carcasses 
MCE Filter of air   4   1 1 1 
Process 
Contaminated 
Carcass 
 Air: PLGA/Biologicals        
Pr
e d
ec
on
tam
ina
tio
n 
Stage 1 - 
Process 
Sampling 
Wipe of non-
porous surfaces; 
MCE Filter of air 
Wipe: Culture and counts 
CFU; PCR; PLGA 
 
Air: PLGA/Biologicals 
8 5     2 
Post- 
Dispersion 
Sampling 
Wipe of non-
porous surfaces; 
MCE Filter of air 
Wipe: Culture and counts 
of CFU; PCR; PLGA 
 
Air: PLGA/Biologicals 
22    1  5 
Process Clean 
Carcasses 
         
Stage 2 -  
Process 
Sampling 
Wipe of non-
porous surfaces; 
Wipe: Culture and counts 
of CFU; PCR; PLGA 
 
8      2 
Po
st 
de
co
nta
mi
na
tio
n 
Plant Cleaning          
Post-Cleaning 
Sampling 
Wipe of non-
porous surfaces; 
MCE Filter of air 
Wipe: Culture and counts 
of colony forming units; 
PCR; PLGA 
 
Air: PLGA/Biologicals 
40 8 1 1 1  8 
Grinder Study Wipe of non-
porous surfaces 
Wipe: Culture and counts 
of CFU; PCR; PLGA 
2      2 
   Total Samples 84 22 1 1 4 1 20 
 
Preliminary Results 
During the initial analyses, no B. atrophaeus DNA was detected in any of the sample extracts 
from collected samples.  Furthermore, B. atrophaeus DNA could be extracted from, and 
detected in, spiked positive controls of pristine gauze and air filter matrices prepared from the 
same lots of gauze wipe and air filters as the samples.  B. atrophaeus may have been present 
in low quantities and below the limit of detection by Quantitative PCR (qPCR); however, non-
detection by qPCR was more likely due to inhibitors such as grease, bone, hair, etc., present in 
the sample matrices that carried over during the extraction process, since B. atrophaeus was 
recoverable on BHIA. 
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Additional analyses are ongoing in an effort to increase sensitivity and recover viable B. 
atrophaeus DNA from the samples. 
PLGA microspheres may not be a suitable synthetic surrogate, as they appear to become 
immobilized in sampling matrices; hair and bone fragments autofluoresce at a similar 
wavelength making it difficult to distinguish the PLGA spheres from background.  Extraction 
processes were ineffective at removing PLGA microspheres for quantitation by fluorometer, and 
autofluorescence from the sample matrices complicated detection of PLGA microspheres via 
direct microscopic observation.  Additional analytical efforts are being undertaken to attempt to 
recover the PLGA spheres by using a solvent. 
Conclusions 
A field study to examine fugitive emissions of biologicals from the rendering process and to 
develop potential cleaning and decontamination operating procedures for the rendering plant 
was performed.  An initial cleaning of the plant was performed, followed by background 
sampling, inoculation of truckloads of feed material with a mixture of PLGA microspheres and B. 
atrophaeus, post-inoculation sampling, another plant cleaning, and post-cleaning sampling. 
Analytical efforts are still ongoing.  Matrix effects have proven to be challenging. 
Disclaimer 
The U.S. Environmental Protection Agency through its Office of Research and Development 
managed the research described here. It has been subjected to the Agency’s review and has 
been approved for publication. Note that approval does not signify that the contents necessarily 
reflect the views of the Agency. 
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The	role	of	the	environment	in	the	transmission	of	zoonotic	diseases	and	the	need	for	an	effective	
environmental	 sanitation	 program	 that	 will	 help	 reduce	 the	 risk	 of	 transmission	 and	 overall	
bioburden	within	an	animal	housing	facility	or	during	the	transportation	of	animals	has	become	the	
focus	of	many	research	studies.		While	over	the	past	several	years	there	has	been	a	paradigm	shift	
to	 actually	 consider	 the	 cause	 and	 effect	 of	 improper	 cleaning	 techniques	 and	 under	 educated	
cleaning	 staff,	 a	 discussion	 on	 the	 importance	 of	 choosing	 a	 cleaner,	 a	 disinfectant	 or	 a	 cleaner‐
disinfectant	 is	often	overlooked.	 	This	however,	 is	paramount	to	the	successful	 implementation	of	
an	overall	cleaning	and	disinfection	program.			
At	 the	 conclusion	 of	 this	 seminar,	 participants	 will	 be	 able	 to	 identify	 the	 desired	 traits	 of	
disinfectants,	delve	into	practices	for	using	disinfectants	to	minimize	occupational	health	and	safety	
concerns,	 learn	of	new	emerging	technologies,	 identify	 the	different	active	chemistries	commonly	
used	 in	EPA	 and	Health	Canada	 registered	disinfectants,	 and	develop	 a	 greater	 understanding	 of	
disinfectant	product	labels	with	a	review	of	the	EPA	Label	Review	Manual.		
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The U.S. Environmental Protection Agency (EPA) has the authority to respond to many wide-area 
and large-scale terrorist events, including environmental cleanup and disposal. EPA has gained 
significant experience in responding to such events and, through internal review and analysis, has 
recognized waste management as an important aspect of a response. EPA has identified significant 
barriers to disposal, including geographic distribution, transportation, permitting, and perception 
issues, given the potential volume of waste resulting from wide-area or simultaneous events 
involving chemical, biological and radiological threat agents. 
As a partner in an interagency response, the EPA developed a briefing for other Federal agencies, 
states, and locals to increase their awareness and understanding of EPA’s response roles, 
specifically to a food and agricultural event. The briefing identifies food and agriculture security 
statutory authorities & directives; this includes National Response Framework Emergency Support 
Functions and Incident Annexes. In addition to EPA’s roles, it also clarifies the roles and 
responsibilities of other Federal Agencies that seem to be misunderstood (e.g., the NRC is NRC is 
the lead agency for response coordination of a Rad Release incident from a NRC licensed materials 
or facility). The briefing also discusses the importance of the concept of “waste management” in a 
response. Waste management includes source reduction, waste minimization, waste estimation, 
recycling, disposal options, transport, etc. By understanding the disposal options available to 
response, a more accurate response plan can be developed. Resources and subject matter experts 
are identified in the briefing for the audience to access for further assistance. 
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Abstract. Preliminary research has shown that sodium pentobarbital (SP), a euthanasia 
drug, can persist up to 180 days in equine mortality compost piles. This study attempts 
to expand upon past research by quantifying SP residues in equine mortality compost 
piles over a longer duration using innovative sampling schemes. Six, 3.7 m2 plots were 
used to construct separate compost bins with 3 bins serving as control. Each bin was 
constructed with 1.2 m high horse panels. The carbonaceous material consisted of 
wood chips that were added at a depth of 0.46 m creating the base. Twenty-four whiffle 
balls, pre-filled with wood chips were placed on the center of each pad.  Nylon twine 
was tied to each ball for retrieval. Six horses requiring euthanasia for health reasons as 
determined by a licensed veterinarian were used for the study. The veterinarian 
supplied and humanely euthanized each horse. Each horse was sedated by injecting 8 
ml of xylazine intravenously. Each of the three treatment horses were then euthanized 
by injecting 60 ml of SP intravenously. Each of the three control horses were 
anesthetized by injecting 15 ml of ketamine hydrochloride intravenously and then 
euthanized by gunshot to the temporal lobe. Immediately following euthanasia, each 
carcass was placed on the center of the woodchip pad and surrounded with 0.6 m of 
additional wood chips. Serum and liver samples were immediately obtained while whiffle 
ball, soil and compost samples were obtained over time. Each sample was analyzed for 
SP residues. Compost pile and ambient temperatures were also recorded. Preliminary 
data illustrates SP persistence up to 129 days in compost piles with no clear trend of 
reduction. Further sampling and analysis will be conducted. 
Keywords. animal mortality, composting, carcass disposal, horse 
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Introduction 
 
Equine mortality is an issue encountered by every horse owner. Mortality may be associated 
with disease, injury, age or a catastrophic event. For horses suffering from an incurable illness 
or injury, euthanasia is often the most humane option. The American Veterinary Medical 
Association (AVMA) approved methods for horse euthanasia include barbiturate overdose and 
captive bolt or gunshot to the temporal lobe. Following mortality, the carcass must be properly 
disposed of. For many horse owners, carcass disposal options are limited and can be costly.  
Improper disposal of dead animal carcasses and the resulting leachate can negatively impact 
surface water and groundwater quality. If the animal died of an infectious disease, pathogens 
may be present inside the carcass, thereby increasing disease transmission risks.  
 
Common methods for livestock mortality disposal include burial, incineration, rendering, landfills 
and composting. Burial requires that certain environmental guidelines be followed, requires 
heavy equipment, may temporarily disturb the land needed for grazing and brings the carcass 
closer to the water table. Incineration requires a closed air unit, can be costly and is mainly 
designed for smaller animals; dismemberment may be required for larger carcasses. Although 
rendering is a very effective method for carcass disposal, currently there are very few rendering 
services available. Landfilling requires transportation of the dead animal off-site and may be 
emotionally unpleasant for the horse owner. 
 
Composting horse mortalities is an inexpensive, biosecure and environmentally sound approach 
to addressing the issue of carcass disposal.  By definition, composting is a controlled biological 
decomposition process that converts organic matter into a stable, humus-like product.  
Composting animal carcasses is characterized by the breakdown of a large centralized nitrogen 
source (carcass) that is surrounded by a carbon source (bulking agent). This system requires an 
initial breakdown of the soft tissues on the exterior of the carcass, followed by thorough mixing 
to promote an ideal blend of carbon and nitrogen for effective composting. The bulking agent 
also traps leachate and odors produced during the process, therefore acting as a filter between 
the carcass and the environment. The continuous high temperatures (> 55°C) achieved through 
proper composting will destroy most pathogens and viruses (Kalbasi et al., 2005). 
Microorganisms will eventually degrade the carcass leaving only a few remaining bones. This 
valuable by-product can then be land applied as a fertilizer source, recycling nutrients and 
organic matter to the soil, or reused for additional mortalities. 
 
Recent interest has focused on the common euthanasia barbiturate, sodium pentobarbital (SP), 
and its persistence in the animal carcass following euthanasia. In 2003 the FDA added 
environmental warning labels to pentobarbital containing euthanasia products in regards to 
proper carcass disposal (FDA, 2003). Questions exist regarding the potential environmental risk 
if SP euthanized animal carcasses are improperly disposed of. It has been suggested that 
proper composting of animal carcasses euthanized with SP may reduce drug residues to 
negligible concentrations. However, preliminary research has shown that SP can persist up to 
180 days in equine mortality compost piles (Cottle et.al, 2010). This study attempts to expand 
upon previous research by quantifying SP residues in equine mortality compost piles over a 
longer duration using innovative sampling schemes. 
 
Materials and Methods 
 
The study was conducted at the Oklahoma State University Eastern Research Station located in 
Haskell, OK.  Six, 3.7 m2 (12ft2) plots were used to construct separate compost bins. Three of 
the six bins were used as control plots. The bulking agent for construction of compost piles 
consisted of wood chips that were wetted to approximately 45% moisture content. Each 
compost bin was constructed with 1.2 m (4 ft.) high horse panels supported by 3 steel t-posts. 
Bulking agent was added at a depth of 0.46 m (18 in.) creating the pad (Figure 1). Twenty-four 
whiffle balls pre-filled with wood chips were placed on each pad (4 rows of 6) such that they 
were under the horse.  Nylon hay twine was tied to each whiffle ball for retrieval during required 
sampling times. 
 
Six horses requiring euthanasia for health reasons as determined by a licensed veterinarian 
were used for the study. The horses were at the end of their life or suffering from terminal 
disease. No animal was euthanized solely for research purposes. A licensed veterinarian 
supplied and humanely euthanized each horse prior to the research team taking possession of 
the carcasses. Each horse was first weighed and then sedated by injecting 8 ml of xylazine 
intravenously. Each of the three treatment horses were then euthanized by injecting 60 ml of SP 
(Beuthanasia-D, Schering-Plough Animal Health) intravenously. Each of the three control 
horses were anesthetized by injecting 15 ml of ketamine hydrochloride intravenously and then 
euthanized by precise gunshot to the temporal lobe.  
 
Immediately following euthanasia, each carcass was placed on the center of the pad while 
ensuring that the carcass remained at least 0.6 m (2 ft.) from the bin walls. Nylon hay twine was 
used to secure the head and legs near the carcass core. Three serum samples and 1 liver 
sample were taken from each carcass for SP analysis, representing time 0.  Each serum 
sample was drawn from the contra lateral jugular and was placed in a red top vacutainer tube. A 
section of the liver weighing approximately 100 g was removed and placed in sealed plastic 
bags. All samples were placed on ice and transported to the laboratory for analysis. Two HOBO 
Temperature Data Loggers (Onset, Inc. Bourne, MA) were placed in each bin. One logger was 
placed over the front quarter while one logger was placed over the hind quarter of each carcass. 
The loggers were set to record temperature hourly.  The carcass was then surrounded with 0.6 
m (2 ft.) of additional wood chips (Figure 2). Core temperature of each pile was also recorded in 
triplicate using long-stem thermometers. Ambient temperature was recorded by a weather 
station located next to the Experiment Station.  
 
Figure 1. Compost bin with pad. 
    
 
 
  
 
 
 
 
Figure 2. Compost bin after carcass placement.  
       
 
 
Three, composite core soil samples were taken from within each treatment bin and analyzed for 
SP on day -1. Additional soil samples will be taken within each bin at the conclusion of the 
study. Composite samples consisted of 15 cm (6 in.) core soil samples from 15 collection points 
within each bin. Each composite sample was thoroughly mixed and then pooled in a sealed 
plastic bag. Three whiffle balls were collected from each bin on days 7, 10, 14, 28, 56, 84, and 
129 of composting and analyzed for SP concentrations. On day 129, the treatment piles were 
opened and examined for bone and tissue remains. Periodically through the process and at the 
end, photographs were taken for documentation purposes. Carcass degradation rates were 
scored based on a scoring system developed by Brown (2007). Each pile was then turned using 
a front-end loader while cascading the material to re-introduce oxygen into the pile. Upon 
turning of the compost pile, data loggers were repositioned in the core of the pile. On-going 
whiffle ball and composite compost samples will be collected from each pile and analyzed for 
SP concentrations. Composite compost samples will consist of grab samples taken from 15 
collection points within each pile.   
 
Samples were shipped to the Illinois Department of Agriculture Animal Disease Laboratory 
(Centralia, IL) for SP analysis using gas chromatography-mass spectrometry (GC-MS). The 
equipment used in the analysis were a Hewlett-Packard (HP) 6890 GC, a HP 5973 mass 
selective detector (MSD) and a HP 7683 autosampler (Hewlett-Packard, Andover, MA). The 
detection limit for compost, serum and liver samples was 5 ppb, 5 ppb and 15 ppb, respectively.  
 
Results and Discussion 
 
Figure 3 illustrates average daily temperature comparisons between SP treatment bins, control 
bins and ambient temperature. EPA regulations, under Title 40 Code of Federal Regulations 
Part 503, establish biosolid composting temperature standards for pathogen reduction. For 
class A biosolids, applied to residential areas, road banks, parks, golf courses, schools and 
similar areas, compost temperatures must be maintained above 55°C for 15 days. Class B 
biosolids, applied to grain and forage crops, pastures, grassland, fallowland and timberland, 
must be maintained above 40°C for 5 days and above 55°C for 4 hours during the 5 days when 
composting. The treatment group maintained an average daily temperature above  55°C for 9 
days while the control group maintained an average daily temperature above 55°C for 12 days. 
Two hundred nine day temperature range and mean for the treatment group, control group and 
ambient temperature were (13.91 to 62.53; 34.93°C), (13.84 to 67.03; 34.98°C), and (-4.88 to 
23.47; 11.12°C), respectively. Temperature levels in each treatment spiked following initiation 
and day 129 turning events. 
 
 
 
Figure 3. Average daily ambient and core compost pile temperature for sodium pentobarbital   
    (SP) treatment and control groups. 
 
A carcass degradation scoring system developed by Brown (2007) is listed in Table 1. Initial 
horse weights and carcass degradation scores following pile turning on day 129 are listed in 
Table 2. The three heaviest horses (465, 558 and 651kg) received a lower carcass degradation 
score compared to lighter weight horses (288, 400 and 416 kg). 
 
Table 1. Carcass degradation scoring system. 
 
 
 
 
 
 
 
 
 
Score Description 
1 Large amounts of flesh, hide and hair present. Internal fluid still visible. Carcass still 
discernible. 
2 Flesh, hide and hair still present in smaller amounts. Carcass no longer discernible. No 
internal fluid visible 
3 Slight amounts of hair and hide present. Numerous large and small bones present. 
4 No hide present. Minimal hair visible. Flesh completely degraded and only large bones 
present. 
5 No flesh, hide, or hair present. Few to no large brittle bones present. 
Table 2. Carcass degradation scores following pile turning on day 129. 
 
Bin Horse weight (kg) Score 
1 400 4 
2 558 3 
3 465 3 
4 288 4 
5 416 4 
6 651 3 
 
1Bins 1-3 represent sodium pentobarbital treatments. Bins 4-6 represent control treatments. 
 
Table 3 lists horse weights and SP concentrations (dry wt.) in compost samples. Table 4 lists 
horse weights and SP concentrations (as-is) in liver, serum and compost samples. A complete 
statistical analysis will be conducted at the conclusion of the study once all soil and compost 
samples are collected. There does not appear to be a clear trend in SP compost concentrations 
from day 7 to day 129. At day 129, concentrations ranged from 13.72 to 180.73 ppm (dry wt.) 
and 11.15 to 108.85 ppm (as-is). Sodium pentobarbital concentrations were much higher than 
those reported by Cottle et al., (2010) which may be explained by the difference in sampling 
techniques, grab samples versus whiffle balls filled with wood chips placed underneath the 
carcass. Both studies administered similar sodium pentobarbital dosage levels. 
 
Table 3. Sodium pentobarbital sample concentrations in compost samples from equine mortality 
   static compost piles reported as dry weight. 
 
 
 
 
 
 
 
 
 
 
 
 
 
1Bins 1-3 represent sodium pentobarbital treatments. Bins 4-6 represent control treatments.  
 
 
 
 
 
   
Sodium pentobarbital concentration (dry wt. ppm)  
 
Treatment1 
 
Horse  
weight (kg) 
 
Day 7 
 
Day 14
 
Day 28
 
Day 56
 
Day 84 
 
Day 129
 
Bin 1 
 
400 
 
54.97 
 
39.91 
 
33.53 
 
36.93 
 
29.75 
 
13.72 
Bin 2 558 35.52 67.93 20.3 25.29 12.97 28.84 
Bin 3 465 106.58 88.19 52.15 117.28 98.49 180.73 
Bin 4 288 0 0 0 0 0 0 
Bin 5 416 0 0 0 0 0 0 
Bin 6 651 0 0 0 0 0 0 
        
Table 4. Sodium pentobarbital sample concentration in liver, serum and compost samples from  
    equine mortality static compost piles reported “as-is”. 
 
 
1Bins 1-3 represent sodium pentobarbital treatments. Bins 4-6 represent control treatments 
 
Conclusions 
 
The preliminary findings from this study indicate that wood chips were effective at decomposing 
equine mortalities at 129 days of composting. Nearly all of the soft tissue was completely 
degraded with only large bones present. Compost temperatures met EPA class B biosolid 
standards for pathogen reduction. At day 129, SP still persisted in the treatment group with no 
clear trend of concentration reduction from day 7 to day 129. Further sampling of soil and 
compost piles followed by a complete statistical analysis is warranted before final conclusions 
related to the efficacy of composting on reducing SP concentrations in equine carcasses can be 
made.  
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Abstract. The objective of the presentation is to provide an update on past and current 
studies related to emergency de-population of large animals followed by composting for 
disposal of mortalities and pathogen inactivation using microbial and molecular protocols. 
Besides biodegradation of entire bovine carcasses, our research seeks to define the 
microbial compost ecosystem while evaluating elimination of pathogens with extreme 
environmental persistence, genetically modified organisms and prevalence of antibiotic 
resistant microflora. Compost studies undertaken have included monitoring the fate of 
endospores, prions causing transmissible spongiform encephalopathy (BSE, Scrapie 
and CWD) and investigating microbial communities linked to biodegradation. Bacillus 
spp. spores (related to anthrax outbreaks) carry exceptional resistance to heat, but 
spore survival times were magnitudes lower when exposed to wet-heat in compost as 
compared to dry-heat. Our data revealed that under composting conditions, a million-fold 
inactivation of Bacillus spores occurred and residual spores within compost 
biocontainment are unlikely to remain at an infectious concentration due to dilution. 
In addition, the use of molecular biology and microbiological assays revealed 
biodegradation of specified risk materials and a wide range of pathogens in combination 
with physiochemical compost conditions. Metagenomic data suggest compost related 
biodegradation is based on the formation of microbial biofilms with shifting communities 
of fungi and bacteria over time. In conclusion, our results suggest that composting using 
materials that are readily available on farm for biocontainment is a viable option to 
manage routine or emergency bovine mortalities, including anthrax-related cases under 
certain environmental conditions, as well as contaminated manure and soil. 
 
Keywords: compost, mortality, pathogen, prion, endospores, biodegradation 
Introduction 
Intensification and globalization of livestock production has increased its susceptibility to 
mass disease outbreaks and possibly even bioterrorism attacks (2). In the event of 
catastrophic disease outbreak, carcass disposal becomes essential, especially when the 
disease is readily transmissible and/or lethal. Hypothetically, if biomolecules were 
completely resistant to degradation, environmental accumulation over time would be 
expected. Molecules of DNA, microbial endospores, and prions causing transmissible 
spongiform encephalopathy (TSE) are reported to persist in environmental reservoirs, 
remaining either viable or infectious over decades. The persistence of biomolecules in 
the environment is likely due to a combination of biological and physiochemical factors. 
Biological factors for bioremediation include the presence of microorganism either 
bacteria and/or fungi harbouring an arsenal of penetrating forces and/or genes coding 
for specific enzymes to catabolize biomolecules. Physiochemical factors can distinct the 
microbial survivability and molecule bioavailability by limitations due to water availability, 
antimicrobial concentrations of preservatives e.g. salts or acids and physical conditions 
precluding microbial activity and/or metabolism e.g. cryopreservation. 
Outbreaks of anthrax are particularly challenging as Bacillus endospores are extremely 
persistent in the environment, having been reported to remain viable in soils for up to 
300 years, and exhibit extreme resistance to both chemical and thermal inactivation (2). 
In the event of either natural or anthropogenic infection of livestock, technologies are 
required to inactivate spores in contaminated soil, manure, and infected animal 
carcasses  
Composting processes are driven by diverse and cryptic microbial communities. 
Microbial biodegradation can elevate compost temperatures from ambient up to 
thermophilic conditions (~74°C), while simultaneously promoting an alkaline pH of up 
to 10. In commercial applications, composting has been shown to effectively degrade 
livestock mortalities and manure while at the same time killing potential microbial 
pathogens (1). As a result of bovine spongiform encephalopathy (BSE) in Canada, the 
disposal of cattle mortalities and specified tissues (SRM) at risk of harbouring prions 
from processes at slaughter became a greater liability to the livestock and food industry. 
Unlike present systems of rendering SRM and deposition in landfills, composting might 
be an economical and environmentally sound option for SRM disposal. Within the 
composting matrix, microbial communities may exist with the potential for biodegradation 
of recalcitrant biomolecules, e.g. prions.  As well, the extensive microbiological 
breakdown of organic matter during the composting process with prolonged thermophilic 
and moist conditions may have the potential to inactivate Bacillus spores. 
Materials and Methods 
Compost construction and sampling 
Duplicate compost structures were built in 2007 at the Lethbridge Research Center (LRC) 
in Alberta, Canada as described previously (3, 4). Briefly, the compost matrix was 
contained in a bunker constructed of large straw bales. The structures had a final 
dimension of 25 m X 5 m with a height of 2.4 m containing approximately 85,000 kg of 
compost. Individual samples were placed into Baker Retrieval Pyramids (BRP, for details 
see 5) at a depth of 100 cm, then removed from each of the structures after 7 (hoof only), 
14, 28, 56, 112 and 230 days of composting. Four additional BRP were prepared but not 
embedded as controls (day 0). At every time point, manure samples were analyzed for 
physiochemical properties including pH-values, activity of water and moisture. 
Spore sample preparation and enumeration 
Samples were prepared and enumerated according to (2). Briefly, spores of B. 
licheniformis or B. thuringiensis were inoculated onto autoclaved feedlot manure to 
achieve a final concentration of 107 CFU spores per g of manure and either sealed in 
nylon bags or placed in sterile vials and placed in single BRP (n=2). Control vials 
containing inoculated manure were retained at room temperature. Retrieved samples 
were incubated, aliquots were serial diluted (10-1 to 10-5) and plated in duplicate for 
enumeration. At each sampling time point, duplicate control vials of each species were 
enumerated. All counts were expressed as CFU g−1 of the original weight of manure in 
the nylon bag or vial. 
Hoof samples  
Keratinized tissues, e.g. hooves, represent a β-sheet rich structural protein with 
similarities to misfolded prions. Distal phalanx from cattle with Black (BH) or White (WH) 
hooves were frozen and cut with a saw into cubes with approximately 1.2 cm edge 
length. Cubes (BH or WH) were sealed in duplicate into nylon bags and placed into BRP. 
Hoof sample DNA extraction, PCR and microbial gene analysis 
After removal from compost, BH and WH were freeze-dried followed by bead grinding, 
with subsequent genomic DNA extraction. PCR amplifications of the V6-V8 region 
bacterial 16S rRNA gene and the fungal 18S rRNA gene were performed for species 
specific gene analysis (in accordance to 6) with subsequent gel electrophoresis, staining 
and visualisation. 
  
Results 
Chemical and physical analyses 
Chemical and physical data of total mass reduction, dry and organic matter 
disappearance, total nitrogen, pH-values and activity of water, were at equivalent levels 
in both structures throughout the experiment with the exception of d 112, where the pH 
differed noticeably within the BRP’s (8.82 ± 0.13 versus 7.36 ± 0.65) obtained from the 
East and West structures, respectively; for details see (3). After 230 d of composting, 
total mass of the compost in each structure was reduced by an average of 31% with 
approximately 86% of this overall loss attributable to the decomposition of organic matter 
(OM). Using a conservative estimate of metabolizable OM energy content (17 kJ g−1 of 
material composted), the total OM loss of 23,000 kg in the two compost structures 
corresponds to approximately 0.4 TJ of energy metabolized over the 230 day 
composting period (for details see 7). Compost pH remained alkaline throughout the 
composting period ranging from 7.9 to 9.6 over time. Moisture content of the compost 
remained above 68% and water activity ranged between 1.00 and 0.93 over the 
composting period (Figure 1). The East compost structure achieved temperatures over 
60°C after 22 d for a total of 23 d whereas the West reached this temperature after 11 d 
and remained above it for a total of 111 d (Figure 1). The peak temperature in the East 
structure was 61°C whereas it was 66°C in the West structure on d 37 and 28, 
respectively. During the first 56 d, the temperature in the East structure was on average 
4.7°C lower than in the West, while from d 57 to 230, temperature in the East structure 
was on average 9.4°C lower than the West. 
 
Figure 1.  Average of water activity and moisture contents at different sampling time 
points and temperature profile within the East and West compost 
structures and ambient over 230 days 
 
Inactivation of Bacillus spp. spores 
Composting reduced the number of viable spores isolated from Bacillus spp. as 
compared to inoculated control samples that were held at room temperature (Fig. 2 
and 3).  East versus West. The efficiency of spore inactivation appeared to differ 
between the two identical compost structures (Fig. 2 and 3). Within the West structure, 
the numbers of viable spores of both Bacillus species declined by ≥ 5 log10 CFU g−1 
manure in both the bags and vials by d 230. In comparison, composting of B. 
licheniformis in either bags or vials in the East structure had limited effects on viability 
after 230 d (Fig 2). For B. thuringiensis, the East structure resulted in a decline of 
approx. 5 log10 CFU g−1 manure after 112 d of composting in both vial and bag samples 
(Fig 3). The number of B. thuringiensis spores in vials remained low throughout the 
remainder of the compost period however, when sampled from bags, the number of 
spores increased after 230 d and were similar to the initial number of spores that were 
placed in the compost pile at d 0 (Fig 3). 
 
 
Figure 2. Enumeration of Bacillus licheniformis spores from control vials kept at 
21°C or from vials and bags within the East and West compost structures 
over 230 days 
 
Figure 3. Enumeration of spores from Bacillus thuringiensis from control vials kept 
at 21°C and from vials and bags within the East and West compost 
structures over 230 days 
 
Biodegradation by shifting microbial communities 
During composting of manure and livestock mortalities biodegradation of bovine hoof 
samples placed into porous nylon bags was monitored (Fig.4). After 230 days of 
composting, on average 97% of the hoof dry matter disappeared. 
 
Figure 4. Dry matter disappearance of black and white hoofs at different time points 
during 230 days of composting 
 
Bacterial 16S and fungal 18S DNA fragments amplified from White hoofs by PCR and 
separated by sequence differences using denaturing gradient gel electrophoresis (Fig. 5). 
Microbial gene analysis revealed a wide diversity of shifting microbial communities over 
time (Black hoofs not shown). 
 
Figure 5. Analysis of 16S bacterial and 18S fungal gene fragments amplified by 
PCR from White hoof samples at different time points during 230 days of composting.
Discussion 
Composting has been shown to inactivate a variety of pathogens; an outcome that has 
been attributed to both the thermal and chemical conditions within the compost matrix. 
Composting typically results in temperatures exceeding 60°C and pH-values that are 
greater than 8.0. 
 
Bacillus spp. spores 
Our study suggests that spore viability was reduced in the west compost structure by 
exposure to compost microflora and elevated temperatures over time. Different 
temperature profiles between the compost structures may explain why spores remained 
viable in the east structure, but were largely rendered non-viable in the west structure. 
Under practical conditions, variation in composting microclimates may preclude the 
complete inactivation of Bacillus spores, including those of B. anthracis during 
composting.  However, our work suggests that under compost conditions, a million-fold 
inactivation of Bacillus spores is likely to occur and even residual spores diluted within 
the compost matrix are unlikely to remain at an infectious dose level after composting. 
In the event of mass causalities arising from an anthrax outbreak, composting may 
provide a simple alternative to on-site containment of infected mortalities as well as 
contaminated manure or soil. Similar to deep burial, composting is unlikely to render all 
spores non-viable, although anthrax spores contained within composting structures are 
protected from transfer into the environment, vectors or host targets. 
 
Microbial biodegradation 
The collaborative microbial activity during the composting process efficiently breaks 
down a wide range of organic substances over time. Previous data (7) suggested 
changing density of bacteria and the formation of biofilms over time, depending on the 
organic substrate after confirmations by real-time PCR and electron microscopy, 
respectively. Recalcitrant organic matter, such as beta-sheet rich proteins, pose a 
marginal metabolic return on the energetic and investment necessary for degradation in 
comparison to readily biodegradable substances. 
Sequence analysis of gene fragments revealed simultaneously a number of bacterial 
and fungal identities occupying hoof substrates at different time points during 
composting. Our data suggest the formation of biofilms with a shifting community of 
greater numbers of bacteria species compared to the restricted fungi diversity over time. 
The coexistence of bacteria and fungi species within biofilms may provide the key 
condition for collaborative biodegradation of recalcitrant organic matter. 
Conclusions 
The extensive breakdown of organic matter by microbial communities during the 
composting process with prolonged thermophilic and moist conditions has potential to 
inactivate pathogens and to catabolize recalcitrant biomolecules. Our results suggest 
that composting using materials that are readily available on farm for biocontainment is a 
viable option to manage routine or emergency bovine mortalities, including anthrax 
related cases under certain environmental conditions, as well as contaminated manure 
and soil. 
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Abstract 
The Maine Compost Team conducted a research project in 2011 that was an outgrowth of 
research work done by the team between 2008 and 2020 on leachate from large animal carcass 
compost piles.  The 2011 project focused on measuring various parameters within different 
zones of carcass compost piles.  This presentation discusses findings associated with total 
Nitrogen, nitrate Nitrogen, ammonium Nitrogen, moisture content and conductivity.  Data was 
collected from three carcass compost piles built on the soil and three built on impervious 
platforms. Duplicate samples were collected from each of five or six distinct zones in each pile.  
Analysis of the data revealed that the carcass compost piles did indeed develop an identifiable 
structure with zones that could be distinguished based on color, texture, moisture and chemical 
composition.  This structure appears to help minimize Nitrogen losses by intercepting both 
soluble N in fluids and gaseous ammonia and concentrating them in the organic material.  
Water flowing under piles built on impervious surfaces was identified as a significant mechanism 
for transporting nutrients from compost piles.  Recommendations include keeping surface runoff 
away from piles to minimize flow under the piles and postponing pile turning until late in the 
composting process so as not to disturb the pile structure. 
 
Keywords:  composting, carcass composting, compost pile structure, nitrogen loss from 
compost piles, conductivity in carcass compost piles 
 
 
Introduction. 
 
The Maine Compost Team began conducting trials on composting large animal carcasses in 
2001.  This was in response to the foot and mouth disease outbreak in Great Britain.  Since that 
time trials have focused on composting performance using a variety of methods and compost 
feedstocks.  One nagging question, however, was what happens to the nutrients from the 
carcass during the compost process.  In 2008, the team began a series of trials designed to 
measure the quantity and quality of leachate generated by carcass compost piles.  These trials 
culminated in 2010 with collection and analysis of over 70 leachate samples.  As part of these 
trials, the team performed excavations of the compost piles at the end of the trials to evaluate 
the decomposition of the carcasses and the compost medium.  These excavations revealed a 
strikingly similar pattern of moisture, color and texture among the compost piles creating 
distinctly different zones within the piles.  This led to the question of whether these zones were 
measurably different in terms of moisture and nutrients and whether these differences might 
reveal something about the process and the potential loss of nutrients from the piles.  As a 
result, a small sampling of these zones was performed.  The samples were analyzed for a 
variety of factors including moisture content and nitrogen.  The results of this small sample 
suggested that, in fact, there were measureable differences between these zones within the 
pile.  The team decided to follow up this finding by designing a research project specifically to 
measure and compare the nutrient and moisture content within the various zones in a pile.  
These trials were conducted in the summer of 2011. 
 
Background. 
 
Composting has become a relatively widely accepted approach to managing animal carcasses 
in Maine and in other parts of the country.  Questions still linger about how the compost piles 
may impact the surrounding environment.  Water infiltrating and leaving compost piles may 
carry away nutrients (Eghball et al., 1997).  The moisture conditions within a compost pile will 
affect the likelihood of nutrients leaving the windrow.  Previous work has estimated that up to 
68% of precipitation landing on a saturated windrow will eventually become runoff (Wilson et al., 
2004).    
 
Pare’ et al. (1998) report that compost leachate initially results from the breakdown of the 
organic materials in the compost mix, then subsequently from run-off and infiltration of 
precipitation into the compost piles.  Seymour and Bourdin (2003) found that high 
concentrations of NO3-N can move out of compost exposed to certain precipitation events.  
These losses are further multiplied when a windrow is exposed to subsequent precipitation 
events, resulting in pile saturation.  Since water is a significant vehicle for removing nutrients 
from a compost pile, moisture content of a pile is an important factor in potential losses. 
 
Previous studies have documented nutrient losses from a wide range of compost feedstock 
mixtures including:  animal manures (Martins and Dewes (1992), Ulen (1993), Trampel (1997), 
Eghball et al. (1997), Seymour and Bourdon (2003), and Glanville et al. (2006)); food waste 
(Krogmann and Woyczechowski (2000)); and yard waste (Ballestero and Douglas (1996), ).  
King et al. (2009) reported that moisture levels in poultry compost piles were higher near the top 
and at the bottom of the pile while the middle section of the piles were very dry.  This finding 
made it clear that the moisture and nutrients were not moving vertically through the piles.  None 
of these studies have looked at the moisture and nutrient profiles within large animal carcass 
compost piles to determine how those profiles may reflect potential losses of nutrients. The 
present study focuses on the nutrient concentrations and moisture levels in several identifiable 
zones within large animal carcass compost piles.   
 
Observations made by Seekins (2010) during the excavation of several compost piles built on 
platforms with impervious surfaces indicated that six and sometimes seven different zones in a 
carcass compost pile were visually distinguishable.  It was theorized that each of these zones 
would have different moisture and nutrient content and different physical qualities as well.  The 
question arose, however, if the same zones would be present in carcass compost piles that 
were not built on an impervious surface.  The study was designed to determine if, in fact, these 
zones were measurably different and if they appeared in compost piles built on the soil as well 
as on an impervious surface. 
 
Study Design 
 
The study was designed to evaluate compost piles containing animal carcasses that were set 
up on two different surfaces.  The study included twelve compost piles.  There were three 
carcass piles in the soil group and three carcass piles in the platform group.  In addition, each 
group included three control piles that did not contain carcasses. 
 
Each pile was sampled at the end of the active composting period (approximately 12 to 13 
weeks after the piles were built.)  Duplicate samples were taken from each of the previously 
identified zones within the pile.  The sampling zones were: 
 
1. Surface of the pile (top three inches) 
2. Core of the pile ( as near the center as possible and including the zone where the 
carcass had been) 
3. Bottom of the core (immediately underneath the carcass but above the compacted zone) 
4. Side of the core (more than three inches into the pile but less than 18 inches) 
5. Compacted zone (bottom of the pile from two to ten inches above the compost platform 
or soil) 
6. Saturated layer (bottom two to three inches) 
7. Fat layer( in some piles two inch layer just above the saturated zone) 
 
Each of the samples were analyzed for the following parameters: 
 
Total solids 
Bulk density 
pH 
Conductivity 
Total volatile solids 
Total Carbon 
Total Nitrogen 
C:N ratio 
Nitrate Nitrogen 
Ammonium Nitrogen 
Calcium 
Potassium 
Magnesium 
Phosphorus 
Boron 
Copper 
Iron 
Manganese 
Sodium 
Zinc 
 
Materials and Methods. 
 
Two groups of compost piles were set up.  The soil group (made up of six piles) was built on a 
fine sandy loam soil in sod similar to a farm field. The platform group (also made up of six piles) 
was built on a series of six platforms with impervious surfaces.  As in previous trials, the 14’ x 
14’ platforms were covered with a heavy weight geotextile material used for landfill liners. 
 
All the piles started out with approximately twelve cubic yards of the compost medium.  Six of 
these piles had one cow carcass in each while the six control piles did not. 
 
The compost medium for all twelve piles was a mixture of three parts of horse bedding to one 
part of waste feed from a dairy farm.  The horse bedding was a mixture of horse feces, urine 
and bedding material, which was primarily a mix of sawdust and wood shavings.  The horse 
bedding also contained a small amount of uneaten hay.  The waste feed was primarily spoiled 
grass and corn silage with a small amount of hay as well.  The ingredients were blended prior to 
pile building using a Knight ‘Reel Augie’ feed mix wagon to insure a uniform mixture in every 
pile. 
 
During the composting period, temperatures were measured at the one foot and three foot 
depths of each pile using both digital data loggers and analog thermometers.  Visual checks for 
cracks or pile disturbance were made on a regular basis.  As the piles settled, cracks and large 
indentations were manually filled in by raking existing materials to fill the voids. 
 
Excavation of the piles was done at the end of the trial (12 to 13 weeks after set up).  A tractor 
with a bucket loader was used to carefully make vertical cuts down through a pile.  Hand tools 
were used to ‘clean up’ each slice to allow easy examination and photographing.  Each pile had 
several ‘slices’ taken, starting about 15 inches from the outside edge.  Subsequent slices were 
taken every 12 inches until the core of the pile was revealed.  The process was repeated for the 
opposite side of the pile.  This process exposed two profiles for each pile from which samples 
could be taken. 
 
Sampling was done using a small shovel and bucket to collect grab samples from each zone 
within the pile.  These were placed in one gallon ziplock bags.  The bagged samples were then 
stored in a walk-in cooler at Highmoor Farm until they could be hand carried to the lab for 
testing. 
 
Initial analysis of the data included comparisons between the mean values of parameters within 
each zone to the overall mean for that group of compost piles to see if there were significant 
differences.  The first comparisons were for Nitrogen compounds, moisture and conductivity 
only.  Additional analysis is planned for the future. 
 
Results 
 
The compost piles excavated for this study all demonstrated patterns similar to those observed 
in previous studies.  Although the patterns in the piles without carcasses were not as complex, 
they were similar to those that did contain carcasses.  The carcass piles built on the soil, 
however, had two significant differences from those built on the platforms.  The soil group did 
not have either a saturated zone at the very bottom of the pile or a distinct layer of what 
appeared to be fat. 
 
Table 1 contains data for the six piles that contained cow carcasses.  They have been divided 
into two groups based on whether they were on the soil or on a platform.  The entries in the 
table reflect the mean values measured for each of seven parameters.  Each mean is the 
average of six samples, two each from three different piles.  The seven parameters in the table 
are total solids, moisture content, total Nitrogen, Carbon to Nitrogen ratio, nitrate Nitrogen, 
ammonium Nitrogen and conductivity.  Of these, this discussion will focus on only moisture, total 
Nitrogen, nitrate Nitrogen, ammonium Nitrogen and conductivity.  Figures 1 through 5 give a 
visual illustration of the data for these five parameters. 
 
Moisture 
 
Looking at Table 1 and Figure 1 reveals that the moisture pattern in the piles built on the soil 
and on the impervious platforms were similar.  Both groups tended to be driest in the zone 
between where the carcass was lain and the surface.  They were wetter in the compacted zone 
just below where the carcass lay.  The compacted zone in each group of piles averaged over 
70% moisture while the zone just above the core was less than 60% moisture for both groups.  
Observations of air channels entering from the sides of the piles that connected to the bottom of 
the core suggested that this was a zone that receives greater air flow than either the zone 
above (carcass) or the one below (compacted). 
 
 
The most dramatic difference in moisture between the two groups of piles was at the base of the 
piles.  The platform group each had a two to three inch layer of very wet material that averaged 
about 80% moisture.  The soil group, on the other hand, did not have this layer.  In the soil 
group, the compacted layer that averaged just about 70% moisture was at the bottom of the 
pile.  The layer at the base of the platform group of piles was so wet that a large quantity of 
water was released whenever a squeeze test was performed, indicating that it was well over the 
saturation level.  This layer, then, would not be able to hold any more water.  The addition of 
any additional water through runoff from the pile or from water running over the surface of the 
platform would likely generate an equal amount of discharge from the downslope side of the 
pile.  (This was actually observed during the study.) 
 
Conductivity 
 
Conductivity is a measure of the soluble salts in the compost material.  It is of interest because 
these salts are likely to move within the pile as water moves.  Not surprisingly, the highest 
concentration of soluble salts in both groups of piles was in the bottom of the core of the piles 
where the carcass had been. This is not surprising since the carcass would have had a higher 
nutrient and salt content than the surrounding material.  The average conductivity measure for 
this zone of both groups was about 10 mmhos/cm.  Also in both groups, the salt concentration 
tends to be relatively uniform in the zones just above and below the core.  This suggests that 
there has not been a lot of movement of liquids within the piles that would have redistributed the 
salt content.  The one exception to this general finding is that there may have been some 
movement of salt from the bottom of the core to the compacted zone in the soil group. The 
concentration of salt in the compacted zone for this pile (8.7 mmhos/cm) was not significantly 
different statistically from the pile average.  The bottom layer of the platform piles, however, 
averaged conductivity measures of only 2.35 mmhos/cm which was significantly less than the 
pile average.  Although some of this difference may be the result of dilution, it is most likely a 
result of loss of the salts as water passes under the piles. 
 
Total Nitrogen 
 
Table 1 and Figure 3 contain data for total Nitrogen for the two groups of piles.  The patterns of 
Nitrogen concentration in the two groups had some similarities and some distinct differences.  
The cores of both groups had the lowest average total N concentration of any location within the 
piles.  This was surprising since the tissues of the carcasses would have contained a high 
concentration of Nitrogen.  In general, the Nitrogen levels increase as you move away from the 
core in any direction.  In fact, the highest total N concentration for both groups of piles was in 
the top three inches of the piles.  This was surprising since the surface of the pile is exposed to 
rainfall and would be expected to lose soluble nutrients.  Evaluation of the individual Nitrogen 
species is needed to explain the elevation of N in this zone. 
 
Nitrogen appears to have moved away from the pile cores through one or more mechanisms.  
The soil piles appeared to be concentrating N in the compacted layer at the bottom of the piles 
but the platform piles had lower levels of N at the base (saturated layer).  Again, this suggests 
that water movement under the piles is removing N from these layers.  Analysis of the different 
Nitrogen species provides further insight. 
 
Ammonium Nitrogen 
 
Ammonium N is of interest because of its relationship to ammonia which is easily lost both 
through volatilization and leaching.  Column 7 of Table 1 and Figure 4 display the patterns of 
ammonium concentration in both groups of piles.  The first observation that jumps out at the 
observer, is that the highest concentration of ammonium for all piles was in the core.  Both 
groups had concentrations of ammonium of greater than 11,000 ppm.  Surprisingly, the zone 
immediately below the core has very low concentrations of ammonium.  Both groups had 
concentrations of less than 1100 ppm in the bottom of the core, which was also the driest zone 
for each group.  Likewise, both groups had concentrations of ammonium that decline as you 
move toward the surface of the pile where there would be greater concentrations of Oxygen.  As 
noted below in the discussion of nitrate Nitrogen, there is an inverse relationship between 
ammonium and nitrate as you move from the core towards the surface of the pile.  This 
conforms to the general understanding of Nitrogen transformations within a compost pile in 
which ammonia is transformed into nitrite and nitrate forms of Nitrogen in the presence of 
oxygen. 
 
Nitrate Nitrogen 
 
As with the ammonium concentrations, the distribution pattern of nitrate was similar for the two 
different groups of piles (see Figure 5).  The highest concentration of nitrate, by far, was near 
the surface for both groups of piles.  For the platform group this level was in excess of 1900 
ppm and for the soil group it was over 3500 ppm.  The nitrate concentrations in the pile cores 
and the zones immediately next to the core were much lower than the surface concentrations.  
The nitrate concentrations in the compacted zones near the bottom of the piles were all higher 
than the core but still less than the surface concentrations.  Finally, the saturated zone at the 
bottom of the platform piles had a nitrate concentration of only 44 ppm which was the lowest 
concentration measured in the platform piles by more than an order of magnitude.   
 
The low concentration of nitrate in the core of the piles is probably the result of anaerobic 
conditions in the core.  This correlates well with the high concentrations of ammonium in the 
same zone.  In fact there appears to be an inverse relationship between ammonium and nitrate 
as you move from the core toward the surface of the pile.  This along with the fact that total 
Nitrogen levels at the surface are the highest for both groups of piles suggest that ammonia 
may be moving toward the surface of the pile through the natural convection currents within the 
piles and that it is being converted to nitrate and organic N as it reaches zones with higher 
oxygen content.  This might explain why no ammonia odor was detected at any time during the 
composting process despite the relatively high concentrations within the pile. 
 
At the lower extreme of the piles, there is also a small concentration of nitrate in the compacted 
zone.  The compacted zones for both groups still have a higher concentration of ammonium 
than nitrate and because of the texture and moisture content (over 70%) it should be anaerobic 
as well.  The presence of nitrate in this zone, then, may be a residual of nitrate created as 
liquids or ammonia passed down through the dry zone below the carcass at an earlier stage of 
the composting process. 
 
The extremely low concentration of nitrate in the saturated base of the platform piles cannot be 
explained simply by possible anaerobic conditions in this layer since this layer also contains an 
extremely low concentration of ammonium as well.  Very little soluble nitrogen is found in this 
zone indicating that what nitrogen remains in this zone would be the relatively insoluble organic 
forms.  The most likely explanation for this low concentration is that, like the soluble salts, the 
soluble forms of nitrogen have been flushed out of this zone by water moving under the piles. 
 
Conclusions 
 
Based on the observations of the various forms of Nitrogen, moisture and the conductivity 
measures in these carcass piles, several surprising conclusions may be drawn: 
 
Large animal carcass compost piles develop a distinct structure over time that tends to minimize 
nitrogen loss.  A compacted layer at bottom intercepts and concentrates salts and nutrients 
while well aerated surface layers intercept ammonia and convert it to nitrate and organic N.  
 
Most losses of nitrogen from large animal carcass compost piles probably occur early in the 
compost process before pile structure develops. 
 
Very little vertical movement of moisture, salts or Nitrogen occurs once pile structure develops. 
 
Piles built on soil do not have a greater loss of nitrogen or soluble salts than those built on an 
impervious surface.  In fact, the total Nitrogen, nitrate Nitrogen and ammonium Nitrogen content 
of the soil group piles were all higher than the corresponding measures for the platform group 
(although it is not clear if this difference is significant.) 
 
Movement of water under piles on impervious surfaces appear to be a significant mechanism for 
loss of nutrients once the base of the pile is saturated. 
 
Air intake channels around the sides of the carcass compost piles connect with the zone 
immediately below the carcass, providing oxygen for the process and keeping that zone drier 
than the rest of the pile. 
 
Recommendations 
 
Large animal carcass compost piles should be built so that there is little chance of water flowing 
under the piles.  On impervious sites this means directing all surface flow away from piles and 
making sure that runoff from the piles themselves can flow away from the piles rather than 
under them. 
 
Composters are often encouraged to turn compost piles several times during the compost 
process to speed up the composting process and to produce a more uniform compost product. 
The results from this research indicate that if nutrient conservation is a primary goal of pile 
management, then it is better to leave large animal carcass compost piles undisturbed for at 
least 12 weeks so that the natural pile structure that develops can be maintained.  Turning early 
in the process will disrupt this structure and may lead to greater nutrient losses. 
 
TABLE 1 
 
 
SOIL GROUP MEAN VALUES
LOCATION TS MOISTURE TN TC/TN NO3-N NH4-N Conductivity
% % % -- ppm ppm mmhos/cm
SURFACE 33.21 66.79 1.83 20.09 3509.75 2646.85 7.93
CORE 31.10 68.90 1.19 30.40 973.83 5793.87 7.67
BOTTOM OF CORE 34.37 65.63 1.09 35.95 72.20 13445.64 10.95
SIDE OF CORE 40.67 59.33 1.52 27.37 703.16 327.03 5.92
COMPACTED 29.67 70.33 1.58 23.90 1012.01 7978.44 8.70
SATURATED BASE NA NA NA NA NA NA
OVERALL MEAN 33.81 66.19 1.44 27.54 1254.19 6038.37 8.23
Standard Deviation 6.61 6.61 0.45 10.21 1850.88 5743.11 2.93
Confidence Interval - 95% 2.47 2.47 0.17 3.81 691.13 2144.51 1.09
LOWER LIMIT 31.34 63.73 1.27 23.73 563.06 3893.85 7.14
UPPER LIMIT 36.27 68.66 1.61 31.35 1945.32 8182.88 9.33
Net Post Compost soil levels 51.00 366.50
PLATFORM GROUP MEAN VALUES
LOCATION TS MOISTURE TN TC/TN NO3-N NH4-N Conductivity
% % % -- ppm ppm mmhos/cm
SURFACE 29.92 70.08 1.54 20.61 1936.28 1400.17 6.00
CORE 36.46 63.54 1.30 29.18 1069.86 6555.68 8.08
BOTTOM OF CORE 33.44 66.56 1.17 32.75 679.92 11262.86 9.95
SIDE OF CORE 44.10 55.90 1.44 29.70 1112.41 1038.11 6.45
COMPACTED 27.84 72.16 1.32 24.01 1263.48 3474.35 6.95
SATURATED BASE 20.23 79.77 1.23 23.93 44.10 214.01 2.35
OVERALL 32.00 68.00 1.33 26.70 1017.68 3990.86 6.63
Standard Deviation 9.36 9.36 0.21 7.23 1058.87 4746.60 2.90
Confidence Interval - 95% 3.17 3.17 0.07 2.45 358.27 1606.02 0.98
LOWER LIMIT 28.83 64.84 1.26 24.25 659.41 2384.85 5.64
UPPER LIMIT 35.16 71.17 1.40 29.14 1375.94 5596.88 7.61
ITEMS IN GRAY ARE LOW (OUTSIDE CONFIDENCE INTERVAL)
ITEMS IN HATCHED CELLS ARE HIGH (OUTSIDE CONFIDENCE INTERVAL)
NITROGEN, MOISTURE AND CONDUCTIVITY AT VARIOUS LOCATIONS WITHIN COW 
CARCASS COMPOST PILES BUILT ON SOIL VS IMPERVIOUS PLATFORMS
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Figure 3 
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Figure 5. 
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Abstract.  
Environmentally safe disposal of turkey carcasses is vital to a farm’s bio security and 
prevention of disease outbreak. Carcass disposal by on-farm composting is considered a viable 
mortality management option. In this study, sunflower-hulls-based (SHB) turkey litter was used for 
carcass composting to examine the suitability of on-farm carcass composting for North Dakota 
climatic conditions.  
This study was conducted at a turkey farm in North Dakota in 2009-10 and 2010-11. This 
farm raised four flocks of 35,000 to 40,000 turkeys per flock per year and each flock was 
approximately 6 to 7 weeks apart in age. The mortality rate for this farm was very low i.e., <1%. The 
static piles were prepared using a front-end loader. A base layer of 30 cm was prepared with turkey 
litter removed from the barns between flocks. One layer of turkey mortalities were placed on top of 
the base and were covered with another 30-cm layer of litter. In all trials, dead turkey/litters ratio (lbs) 
was 1:3. Data loggers were placed at predetermined depths and locations to monitor temperature 
changes continuously throughout the composting process. Litter samples were collected before, 
during and after final composting for carbon (C), nitrogen (N), phosphorus (P), pH, conductivity, and 
moisture content. Compost maturity tests were performed during and following completion of active 
composting process.   
Compost pile moisture content was lower (average ranged 36-42%) than the recommended 
range (40-60%). Similarly, carbon: nitrogen (C:N) ratios were lower (average ranged 1:12-15) than 
the recommended range (1:25-30). Additional carbon source (such as sow dust or wood chips, etc.) 
may be added to increase C:N ratio. Turning of compost pile helps to maintain sustained pile 
temperature, but turning of compost pile needs to be prolonged (3-4 weeks) for carcass 
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decomposition, especially when pile moisture content is low. While composting in the bin under the 
shade, additional water needs to spray on the compost pile to compensate the moisture losses and 
to sustain high heat in a mortality compost pile, especially when starting moisture content is low. 
During winter composting outside, pile moisture content was not an issue due to added snow on the 
top of the pile, but due to low ambient temperature, compost pile threshold temperature didn’t 
sustained to 55 C. No visible carcasses, however, were noticed, except large bones. The compost 
mix obtained from a recently finished pile may be reused for the next pile for better degradation of 
carbon source. SHB turkey litter was able to sustain temperature of 55 C for 3-10 days during 
composting, but not during winter months. Overall, composting of turkey carcasses using sunflower-
hulls is a viable option under North Dakota climatic condition and the finished compost product is an 
excellent source of nutrients and can be used as organic fertilizer to meet crop nutrients requirement. 
However, additional measures need to be taken as indicated above for better composting end 
products. 
Keywords. Sunflower-hulls, turkey litter, on-farm, turkey carcass composting  
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Introduction 
Mortality losses are a normal part of turkey production. Producers may have losses due 
to disease, accidents, or inter-animal competition. It is the responsibility of the producer to 
dispose of these mortalities in an environmentally acceptable manner. Safe disposal of 
carcasses is an important issue for day-to-day routine management of stock mortalities 
(Wilkinson, 2007) and to prevent animal disease transmission and protect air and water quality 
(Xu et al., 2007). Therefore, carcass disposal remains one of the major challenges facing 
poultry producers. 
Traditional methods of animal carcass disposal include rendering, incineration, 
composting and burial. However, in North Dakota turkey producers are not obligated to have 
incinerator to dispose off dead birds and it is not practiced at all. Rendering poses bio-security 
concerns due to transportation of dead animals between locations in a trip (Fonstad et al., 2003) 
and no rendering service is available in North Dakota.  Burial is a common method of carcass 
disposal, but poses groundwater contamination risk if the burial site is not selected and 
managed properly. Often, excessive nutrient can build-up at burial sites and runoff carrying N 
and P as well as leaching of these nutrients into water bodies causes eutrophication (Turan et 
al., 2007). One of the viable option may be on-farm carcass composting, a potential solution to 
carcass disposal problems.  
Most states have regulations relating to the disposal of livestock and poultry mortalities. 
North Dakota state regulations require farmers to manage their mortality in an environmentally 
sustainable manner and identified composting as a safe disposal method. As a result, producers 
want to adapt composting as a best management option for managing on-farm mortalities but 
no scientific information is available on turkey mortality composting process under North Dakota 
climatic conditions. Carcass alone is not suitable for proper composting and it is necessary to 
added co-composting materials as inoculums along with moisture (Kalbasi et al., 2005). In 
addition, more research is needed on how the co-composting material is likely to perform when 
routine or emergency disposal of carcasses would occur. Typically, in turkey carcass 
composting, turkey litter is used as co-composting material and physicochemical characteristics 
of turkey litter vary depending on bedding materials and feed rations used.  
Bedding materials are typically selected based upon their availability locally and their 
carbon content may vary widely. For example, in Iowa oat hulls are typically used (Li et al., 
2008) and in Minnesota wood shavings are used as bedding (Shah et al, 2009). However, in 
North Dakota sunflower hulls are typically used for bedding in turkey production facilities. 
Sunflower hulls, a by-product of seed-crushing, are produced in large quantities in North 
Dakota, since the state is the highest in sunflower production in the US (NASS-USDA, 2009). 
Sunflower hulls containing lignin are difficult to manage and dispose due to their low commercial 
value (Conghos et al., 2006).  Because it is a low density by-product, it is not economical to 
transport it over long distance for processing (Conghos et al., 2003). Field application of 
sunflower hulls may improve soil physical properties, but this may also poses the risk of 
transmitting plant pathogens (Conghos et al., 2006). However, in the upper Midwest, large 
quantities of sunflower hulls are used as ruminant feed (Park et al., 1982) and bedding material 
for turkey production facilities. Due to the use of sunflower hulls as bedding material, a 
significant amount of turkey litter is produced between flocks and needs to be disposed in an 
environmentally acceptable way. Composting of sunflower hulls has received little attention 
probably due to relatively inert nature of the hulls (Conghos et al., 2006). The same is true with 
turkey litter, where C:N ration is low and varies widely 16:1 (Rynk et al., 1992) and nearly 10:1 
(Ahn et al., 2008). The C:N ratio is an important factor affecting compost quality (Huang et al., 
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2004) and it is recommended to maintain a C:N of 25-30:1 (Rynk et al., 1992) for successful 
composting. However, producers seldom add other carbon sources during composting 
mortalities with litter from their turkey facility.  
Although, carcass composting is not new, but very limited information is available about 
the suitability of SHB turkey litter as a co-composting material for turkey carcass composting for 
routine or emergency composting of dead birds. For effective composting, sustained 
temperature of more than 65 C (150 F) is considered sufficient to kill most types of weeds 
(Churchill et al., 1995), while continuous high temperature (55 C) for 3 days is needed to 
destroy most pathogen and viruses (Kalbasi et al., 2005; Payne and Pugh, 2009). Therefore, 
the objective of this research was to determine whether sunflower hulls-based turkey litter was 
suitable for composting carcasses at different time seasons without adding additional co-
composting materials as carbon source. Also, physical and chemical changes during on-farm 
turkey carcass composting were monitored. 
Materials and Methods   
This study was conducted in a turkey farm in North Dakota at different times of a year (from 23 
July, 2009 to December 15, 2009; and July 12, 2010 to February 01, 2011).  The farm had a 
capacity of 35,000 to 40,000 tom turkeys (males) at all times. Typically, this farm raised and 
finished four flocks each year in the grow-finish barn and the duration of each flock was 16-17 
weeks. Birds at 5 weeks of age were moved from the brooder barn to grow-finish barn and the 
mortality rate for this farm was very low i.e., <1%. Caked litter (roughly 5-cm of excessively wet 
litter) was removed after each flock and fresh bedding (sunflower hulls) was added before 
placement of the next flock. Caked litter is typically used as a co-composting material for 
carcass composting, otherwise piled and applied to fields as per the farm nutrient management 
plan.  
Compost pile preparation 
At least three static piles were prepared in compost bin under a covered shed using a front end 
loader; however, only one pile was sampled and monitored. The base layer (30 cm) was 
prepared with turkey litter. Turkey mortalities were placed on top of the base layer and were 
covered with another layer of turkey litter (Figure 1a). Similarly, in year 2010-11, several 
compost piles were prepared both inside and outside of the composting bin. In all trials, dead 
bird/litter ratio was 1:3. No additional carbon source was added to adjust the C:N ratio during 
the composting time. Typically, producers don’t add any water or other carbon sources other 
than on-farm turkey litter. However, during the summer monitoring period (07/23/09 to 10/12/09 
when trails 1 and 2 took place), when compost pile surface was dry, occasionally water was 
sprayed on the compost pile surface before pile turning. Occasional watering was done based 
on spot moisture checking in a compost pile using a Delmhorst 91 cm hay probe (Professional 
equipment, LLC, Janesville, WI), as well as composting moisture analysis at the lab. In the 
subsequent compost piles preparation, relatively wet litter was mixed with dry litter to increase 
moisture content in the compost pile and occasionally the water was also sprayed on the 
surface.  
During a pile preparation, loggers (HOBO Pro V2 T/RH, Onset Computer Corporation, Bourne, 
MA) were placed at the bottom, center and just below the top of a pile to monitor hourly 
temperature changes continuously throughout the composting process (Figure 1b). The first pile 
turning and through mixing was done between 7-10 days of initiation of a pile based upon 
producer’s normal practice of turning. A skid-steer loader was used for turning. During turning of 
a compost pile, temperature data loggers were removed, the pile was re-formed and sensors 
were reinstalled to their original depths. 
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(a) (b) 
 
(c) (d) 
Figure 1. Static compost pile a) inside a compost bin under the shade, b) installing HOBO Pro 
V2 T/RH sensors in static pile, c) preparation of static pile outside of the compost bin during 
winter season in 2010, and d) complete pile with T/RH sensors. 
Compost pile sampling and monitoring 
In this study, each compost pile remained active for 41-87 days depending upon the ambient 
temperatures, and monitoring was terminated according to normal practice of producer when no 
visible carcass flesh was noticed.  The finished pile was transferred from the compost bin to 
outside of the shed for curing. During compost pile preparation and pile turning, 7-8 random 
composite samples (each composite sample prepared from 8-10 individual samples) were taken 
for carbon C, N, P, pH, and moisture content. Periodically, samples were analyzed for fiber 
contents (e.g., Cellulose and hemicellulose). On the day of sample collection, a well-mixed 
representative sample was oven dried at 105ºC for 24 hrs for moisture content determination. 
Also, sub-samples were taken to measure pH and conductivity in duplicates. The composite 
samples were sent to Soil and Water Environmental lab at NDSU for C, N, P, and K analysis, 
where samples were oven dried and homogenized by grinding in a Willey mill to pass through a 
1 mm sieve. Total C was determined using a SKALAR Primacs TOC analyzer (Skalar Inc, 
Buford, GA, USA), whereas N and P were determined as per standard methods. The pH of 
compost samples was measured with a pH probe by preparing water to compost ratio of 10:1 
(Sivakumar et al., 2007). Cellulose and hemicellulose were determined using the ANKOM 
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method (ANKOM Technology, 2052 O’Neil Rd., Macedon, NY) and lignin was determined using 
the AOAC Method 973.18. Additional samples were collected for compost maturity tests 
following first turning of the pile and onward until composting process was complete for that pile.  
Compost maturity 
For maturity tests, a well-mixed compost sample was added to the incubation container 
provided by the manufacturer up to the fill line. Immediately upon filling, Solvita® carbon dioxide 
(CO2) and ammonia (NH3) colorimetric gel paddles were placed inside the incubation jar. 
Thereafter, the jar were sealed with a lid and left for 4 hours at room temperature. The maturity 
index was determined by matching the numbers on the CO2 and NH3 gel paddles with numbers 
in the standard index table provided by the manufacturer. Maturity index numbers 1-2 indicated 
“raw” compost; 3-6 indicated “active” compost, and 7-8 indicated “finished” compost.  
Results and Discussion 
Moisture 
The initial moisture contents of compost trials-1,-2, and -3 in 2009 at day zero were 35.6, 46.9, 
and 45.2%, respectively (Table 1). Moisture content of piles in each trial decreased significantly 
towards the end of the composting period, except trial-1 where water was added at day 22 since 
pile moisture content was low. The average pile moisture contents for 2009 and 2010 are listed 
in Table 1 and Table 2, respectively. Pile moisture content loss during 2010-11 was significant 
in all trials, but trial-4 where moisture content increased towards the end (Table 2). This was 
likely due to melting of accumulated snow over the time on the top of a pile and added moisture 
to the pile. Overall, pile moisture loss was greater in 2010 as compared to 2009 due to ambient 
temperature differences. 
TABLE 1. Moisture analysis of composting samples at different times and trials in 2009 
Date Time, day Moisture, % 
Trial-1  
7/23/2009 1 35.67ab* 
7/29/2009 7 35.40ab 
8/13/2009 22 27.61b 
9/1/2009 41 43.84a 
Trial-2  
9/1/2009 1 46.93ab 
9/14/2009 14 51.53a 
9/28/2009 28 40.58c 
10/12/2009 42 41.90bc 
Trial-3  
10/12/2009 1 45.20a 
11/5/2009 24 49.30a 
11/24/2009 43 45.62a 
12/15/2009 64 38.92b 
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* Averages within a column followed by different letters are significantly different at P < 0.05 
according to Duncan multiple range tests. 
Moisture content during composting is an important environmental variable as it provides a 
medium for the transport of dissolved nutrients required for metabolic and physiological 
activities of microorganisms (Ahn et al., 2008; Liang et al., 2003). In this case, pile moisture 
content during on-farm carcass composting was lower than the recommended range (40-60%). 
TABLE 2. Moisture analysis of composting samples at different times and trials in 2010-2011 
Date Time, day C/N ratio Moisture, % 
Trial - 1 
08/0510 25 11.11 34.13 
8/18/2010 38 7.81 31.16 
9/7/2010 58 9.07 34.05 
Trial -2 
8/5/2010 1 13.69 50.5 
8/18/2010 14 11.64 43.63 
9/7/2010 35 10.33 27.61 
9/29/2010 58 11.74 23.63 
Trial -3 
9/7/2010 1 15.64 49.37 
9/29/2010 23 9.860 30.46 
10/19/2010 44 9.66 22.81 
11/9/2010 66 12.58 24.47 
Trial -4  
11/9/2010 0 12.58 24.47 
12/2/2010 24 10.26 24.71 
1/10/2011 64 16.08 44.69 
2/3/2011 87 13.00 44.3 
* Averages within a column followed by different letters are significantly different at P < 0.05 
according to Duncan multiple range tests. 
The sunflower hull in the turkey litter is composed of cellulose and hemicelluloses embedded in 
lignin matrix and degradation of high molecular organic compounds are highly dependent on 
availability of water and oxygen (Conghos et al., 2006). At the end of carcass composting 
monitoring period, carcass flesh was biodegraded and not visible but sunflower hulls were not 
degraded completely, which was likely due to lignin matrix (Table 3) and low moisture content. 
Overtime, sunflower hulls degradation rate was not very significant. Liang et al. (2003) also 
observed that a compost pile with lower moisture content (<40%) consistently demonstrated a 
lag in microbial activity. It might be appropriated to add water into compost pile to compensate 
moisture loses during active composting process and continue using non-degraded sunflower 
hulls to prepare a new compost pile. Addition of moisture would likely increase degradation of 
co-composting materials and carcasses, which would result in increased heat generation and 
pathogen destruction (Ahn et al., 2008). Therefore, it is important to begin a compost pile with 
optimum moisture content to expedite carcass composting process and to obtain quality 
compost product. 
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Table 3. Composition of sunflower hull based composting samples collected at different time 
during composting process in year 2010 
Date % Ash % CP % NDF % ADF % ADL 
8/5/2010 59.17 12.93 52.35 45.57 8.88 
8/18/2010 50.47 15.47 50.56 41.78 8.69 
9/7/2010 49.13 16.01 51.20 43.76 8.81 
9/29/2010 50.87 16.04 52.06 43.41 8.45 
10/19/2010 62.66 13.43 55.01 48.85 7.87 
11/9/2010 59.33 14.16 53.82 46.07 7.27 
12/1/2010 61.90 13.32 54.96 47.88 7.18 
1/10/2011 58.21 14.61 50.65 44.51 8.40 
2/3/2011 65.45 11.59 53.62 48.08 7.51 
 
Compost Pile Temperature 
Temperature profile of each compost trial in 2009 is shown in Figure 2. Temperature profiles of 
each trial differed considerably. Following compost pile establishment, pile temperatures 
exceeded the threshold temperature values (55 C; where most pathogen and weed seeds may 
be destroyed) within 2-3 days of compost pile preparation and steadily increased to 60-65 C 
and sustained that temperature for a few days. Thereafter temperatures dropped between 31 to 
53 C depending on pile turning and ambient temperature for each trial.  
Following the first pile turning anywhere from 7 to 24 days after inception of composting during a 
trial, temperature increased steadily to as high as 67 C and remained above the threshold 
temperature of 55 C for several days. During compost trial-1, summer time average ambient 
temperatures fluctuated within a narrow range, however, during trials-2 and -3, fall and winter 
average ambient temperatures fluctuated widely, contributing to greater pile temperature 
fluctuations for trials -2 and -3 as compared to trial-1 pile temperatures. This is especially the 
case for trial-3 when ambient temperature ranged from -19 to 12 C, preventing the pile 
temperature to reach above 55 C for a sustained time period. Gonzalez and Sanchez (2005) 
also observed that cold ambient temperatures prevent desirable high temperatures within a 
compost pile. 
Similarly, temperature profile of each compost trial during 2010-11 is shown in Figure 3, where 
pile turning was based on temperature drop rather than the normal practice of turning. Following 
a pile preparation temperature rise quickly and sustained for several days at or above the 
threshold values. However, when ambient temperature was low, especially during winter 
months (November – February), following turning temperature increased, but it was lower than 
the threshold values required to kill most pathogen and weed seeds.  
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Figure 2. Temperature profiles of compost piles at different trials during 2009. Down arrows 
indicate pile turning events.   
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(c) 
 
(d)  
 
Figure 3. Temperature profiles of compost piles at different trials during 2010-2011. Down 
arrows indicate pile turning events. 
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To destroy most pathogen and viruses, co-compost material should sustain temperature 55 C 
or greater for at least 3 consecutive days (Glanville et al., 2009). In this study, during the first 
active composting phase, sustained pile temperatures of 55 C or higher were achieved and 
maintained for more than three days irrespective of weather conditions, which would ensure the 
pathogen destruction. The highest number of days for sustained temperature of 55 C was 
achieved following turn 1, which was likely due to pile aeration that enhanced microbial activity. 
As the organic matter and microbial activity become more stabilized, the organic matter 
decomposition rate and temperature decreased gradually to ambient (Petric et al., 2009). 
However, in this study pile temperatures never reached ambient level during the study period 
meaning compost pile was active and composting material was degrading slowly and additional 
time is required for composting sunflower hulls with high lignin content (Conghos et al., 2006). 
Liang et al. (2003) observed that at low temperature (e.g., 22 C) and higher moisture content 
(>60%) exhibit higher microbial activity, whereas at low moisture content (e.g., 30-40%) 
microbial activity is consistently low, even under higher temperature. This might be the case in 
this study. In all trials irrespective of ambient temperature, sunflower hulls-based turkey litter 
maintained a temperature of 55 C for at least three consecutive days indicating the bio-safety 
of composting as also indicated by others (Sivakumar et al., 2008). Although no visible flesh 
was noticed after 87 days of active composting period during winter time, but active composting 
temperature was lower than the required temperature to kill most of the pathogen.  
Visual observation of carcass degradation 
Like other researchers (Mukhtar et al., 2003, Stanford et al., 2009), compost piles were visually 
observed to for the disappearance of carcasses (Figure 4). Following the first turning at 7-24 
days, soft tissues, decomposed body, and bones were visible. Following 2nd turning only bones 
and minimal soft tissues were noticed, whereas following 3rd turning only large bones were 
noticed. Moisture content in all trials was either below or close to the lower limit of 
recommended values (40-60%). Researchers indicated that maintaining high moisture content 
in carcass composting pile may help to degrade large bones (Murphy et al., 2004; Stanford et 
al., 2009). Also, composting materials from one finished pile may be reused to prepare another 
compost pile, which will ensure further decomposition of carbon source and carcass remaining. 
Effect of compost pile turning 
Following each pile turning, compost pile temperature increased beyond threshold values (55 
C) and sustained more than 3 days (Figure 2 and 3) during first and second active composting 
period. Thereafter, turning composting pile will increase pile temperature, but pile temperature 
will not likely to rise threshold level, since microbes population will reduce. With the decreasing 
microbial activity, the temperature may then stabilize or fall to ambient. Since in all trials pile 
moisture content was lower than the recommended moisture content (40-65%), it might be 
better to turn a compost pile less frequently. Following turning, pile temperature will rise and 
more moisture will be lost further through evaporation. It would be better to check pile moisture 
content through squeeze test and add water if needed a day before turning a pile, which will 
facilitate through mixing of moisture during turning.  
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(a) (b) 
  
(c) (d) 
Figure 4. a) Status of carcass following 1st turn at 7-10 days and b) remaining bones at the end 
of composting trial at 42-65 days in 2009; c) first turning during winter of 2010 in 30 days and d) 
at the end of composting trial only large bones are visible 
 
pH and Electrical Conductivity (EC) 
pH and electrical conductivity are two important parameters for using  composted materials as 
organic soil amendment since the soil physical, chemical and microbial reactions are influenced 
by these two parameters (Banegas et al., 2007).  pH values fluctuated and varied significantly in 
trial-1 and trial-3 in 2009, but not in trial-2 (Table 4). Similarly, variations of pH in composting 
samples in 2010 are listed in Table 4 and they ranged from 8.0 – 8.64 during the composting 
period. Overall, pH values ranged from 7.83 to 9.30, which were consistent with other findings 
(Ahn et al., 2008).  
 
 
 
Decomposed 
Remaining bones 
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Table 4. pH and conductivity of compost pile during composting process in 2009 
Date Time, day pH Cond., mS/cm 
Trial-1  
7/23/2009 1  - -  
7/29/2009 7 8.07b 6.50a 
8/13/2009 22 8.46a 5.23b 
9/1/2009 41 7.83b 6.59a 
Trial-2  
9/1/2009 1 8.37a 6.88ab 
9/14/2009 14 8.05a 7.42a 
9/28/2009 28 8.30a 6.52ab 
10/12/2009 42 8.36a 6.00b 
Trial-3 
10/12/2009 1 8.25c 6.41ab 
11/5/2009 24 8.42bc 7.50a 
11/24/2009 43 8.56b 5.95ab 
12/15/2009 64 9.21a 5.39b 
* Averages within a column followed by different letters are significantly different at P < 0.05 
according to Duncan multiple range tests. 
Table 5. pH and conductivity of compost pile during composting process in 2010 
Date Time, day pH Conductivity 
08/0510 25 8.44 8.02 
8/18/2010 38 8.64 7.87 
9/7/2010 58 8.56 8.09 
    
8/5/2010 1 8.2 12.24 
8/18/2010 14 8.47 8.39 
9/7/2010 35 8.28 10.62 
9/29/2010 58 8.0 8.91 
    
9/7/2010 1 8.43 8.09 
9/29/2010 23 8.50 7.94 
10/19/2010 44 8.26 8.69 
11/9/2010 66 8.42 8.96 
    
11/9/2010 1 8.42 8.96 
12/2/2010 24 8.53 11.56 
1/10/2011 64 8.45 12.19 
2/3/2011 87 8.1 7.0 
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Overall, no noticeable variation in pH was observed between pre-and post-compost samples. 
After turning a compost pile, its pH changed slightly, this was likely due to mixing of 
decomposed organic matter and carcasses. The EC values varied significantly and they ranged 
from 5.23 to 7.42 mS/cm (Table 4) in 2009 and they varied from 7.0 to 12.24 mS/cm in 2010, 
respectively. These values were higher than values reported by Conghos et al. (2003) and 
Conghos et al. (2006, where they measured the EC value of composting samples from 
sunflower hulls only (no organic N source was added in compost pile). In this study, high EC 
values were likely due to turkey litter and decomposed carcasses. Compost EC is of great 
importance from agronomic point of view since it can be a limiting factor for plant growth and 
seed germination (Banegas et al., 2007). Except few occasions, EC value was high, but lower 
than the threshold values (<8 dS/m or 8 mS/cm) considered detrimental for plant growth and 
seed germination. Higher proportion of carbonaceous materials can be used during composting 
to reduce the EC values (Banegas et al., 2007).  
Nutrients 
Chemical analysis of composting samples at different times and trials in 2009 are listed in Table 
6 and their averages for each trial are listed in Table 7. No significant variation was observed for 
total N within a trial, but phosphate (P2O5) and potash (K2O) concentrations varied significantly 
(Table 6).  
TABLE 6. Nutrient analysis of the composting samples during each trial in 2009 
Date Time, day P2O5, % K2O, % N/P 
Trial-1  
7/23/2009 1 1.98a 1.85a 1.44a 
7/29/2009 7 1.92b 1.14b 1.27a 
8/13/2009 22 1.76b 1.29b 1.41a 
9/1/2009 41 1.97b 1.40b 1.28a 
Trial-2  
9/1/2009 1 2.09c 1.45a 1.06a 
9/14/2009 14 2.49b 1.39ab 0.87b 
9/28/2009 28 2.45bc 1.07c 0.87b 
10/12/2009 42 2.96a 1.32b 0.73b 
Trial-3 
10/12/2009 1 2.16a 1.03c 0.98a 
11/5/2009 24 2.36a 1.34b 0.85a 
11/24/2009 43 2.03a 1.48ab 1.00a 
12/15/2009 64 2.10a 1.59a 0.90a 
* Averages within a column followed by different letters are significantly different at P < 0.05 
according to Duncan multiple range tests. 
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TABLE 7. Nutrient characteristics of the composting end products averaged over the entire 
monitoring period in 2009 
Trial # TKN, % P2O5, % K2O, % 
Trial-1 2.57a ±0.19 1.66b ± 0.59 1.42a ± 0.31 
Trial-2 2.17b ± 0.04 2.50a ± 0.36 1.31a ± 0.17 
Trial-3 2.01b ± 0.09 2.16ab ± 0.14 1.36a ± 0.24 
* Averages within a column followed by different letters are significantly different at P < 0.05 
according to Duncan multiple range tests. 
Similarly, variations of nutrient content in manure samples during 2010-11 sampling events are 
listed in Table 8. Most of the cases nutrient content decreased slightly during composting 
process, except P2O5. Nutrient value of compost as indicated by the N, P2O5, and K2O content 
were in agreement with others findings (Haque and Vandepopuliere, 1994). Typically, 
composting yields a more stable sources of N than the organic N in fresh litter (Preusch et al., 
2002), which would mineralize more slowly than the litter N (Haque and Vandepopuliere, 1994). 
This slow release of N will enables plant to maximize the use of nitrogen and the amount of N 
leached into the ground water is minimized (Haque and Vandepopuliere, 1994).  
Table 8. Variation in nutrient content in composting sample during different sampling event in 
2010 
Date Time, day TKN NH4-N P2O5 K2O 
Trial-1      
08/0510 25 1.67 0.64 2.46 1.62 
8/18/2010 38 1.69 0.51 2.66 2.82 
9/7/2010 58 1.68 0.38 1.19 1.71 
Trial-2      
8/5/2010 1 2.22 1.44 2.1 1.47 
8/18/2010 14 2.18 0.63 2.39 2.74 
9/7/2010 35 2.15 0.45 1.17 1.73 
9/29/2010 58 2.07 0.43 3.67 2.49 
Trial-3      
9/7/2010 1 1.82 0.48 1.7 1.3 
9/29/2010 23 1.79 0.42 3.03 2.01 
10/19/2010 44 1.86 0.39 2.79 1.02 
11/9/2010 66 2.08 0.48 3.02 2.01 
Trial-4      
11/9/2010 1 2.08 0.48 3.02 2.01 
12/2/2010 24 1.85 0.22 3.08 1.84 
1/10/2011 64 1.43 0.37 1.12 1.4 
2/3/2011 87 1.4 0.4 2.0 1.4 
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Conclusions 
During the composting period, moisture content and C:N ratio of compost piles were lower than 
the recommended moisture content and C:N ratio, which might affect carcass flesh and bone 
decomposition. Overall, sunflower hulls-based turkey litter sustained temperatures of 55 C and 
above for several days as required for pathogen destruction of most disease-related mortality 
composting. However, during winter composting outside, pile moisture content was not an issue 
due to added snow on the top of the pile, but due to low ambient temperature, compost pile 
threshold temperature didn’t sustained to 55 C. Turning of compost pile will facilitate aerobic 
conditions, mixing of composting materials, and generate greater heat needed for carcass 
composting, however, pile turning pace need to be extended to 3-4 weeks depending on pile 
temperature, especially when pile moisture content is low. Since, pile moisture content was 
always lower than the recommended moisture content, to compensate pile moisture losses, 
water can be added to pile a day before pile turning and it will improve degradation of sunflower 
hulls and carcasses, maintain sustained high temperature. 
Although it is recommended to maintain an initial C:N ratio of 25-30:1 in compost pile, lower 
initial C:N ratio did not impede carcass decomposition during composting and was able to 
generate high heat. Overall, composting of turkey carcasses using sunflower hulls is a viable 
option under North Dakota climatic condition and the finished compost product is an excellent 
source of nutrients and can be used as organic fertilizer to meet crop nutrients requirement. 
However, additional measures need to be taken as indicated above for better composting end 
products.  
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Human cases of disease caused by HPAI (H5N1) viruses have been rare yet characterized with a 
mortality rate of approximately 60%. Tests were conducted to determine the persistence of an H5N1 
virus when in contact with common materials, as the potential exists for such materials to act as 
fomites, harboring the virus and increasing the risk of disease propagation. These tests were 
performed to quantify the amount of time the virus would remain infectious as a fraction of material 
(soil, chicken feces, galvanized metal, and glass0, temperature, relative humidity, and exposure to 
simulated sunlight. Coupons were spiked with the virus at a target level of 106 tissue culture 
infectious dose of 50%. The virus was quantified based on microscopic observation of cytopathic 
effects on Madin-Darby canine kidney cells. The virus was most persistent under the low 
temperature condition, with less tha 1 log10 reduction on glass and steel after 13 days at low relative 
humidity. Thus, at these conditions, the virus would be expected to persist appreciably beyond 13 
days. Tests were also conducted to assess the efficacy of four common disinfectant chemicals in 
inactivating the virus on two materials (galvanized metal and soil). The disinfectants evaluated 
included 1% citric acid, pH-amended bleach, a quaternary ammonium compound, and 8% sodium 
carbonate. pH-amended bleach was the only decontaminant tested that completely inactivated the 
HPAI virus, and only on galvanized metal. 
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Abstract 
Disinfectant evaluation standards do not take into account the temperature variations and organic matter 
contamination common in field work conditions. Hence, the true efficacy of disinfectants under operational 
conditions faced in the field is uncertain.  As bioterrorist attack or outbreaks of infectious animal diseases can 
occur during the colder parts of the year, the activity of 10% bleach, 2% Virkon® and Surface Decontaminating 
Foam® (SDF) was investigated at room temperature, 4 Celsius (C), and -20C.  To simulate field conditions, 
5% chicken manure or 5% garden soil was added to microbial suspensions.  Disinfectant efficacy was 
measured using the second tier quantitative carrier test (QCT-2) and either an embryonated chicken egg 
assay, cell culture or bacterial culture methods.  Forty percent propylene glycol (PG) was added to the 
disinfectants in order to keep them liquid for the testing a -20C.  Results of the laboratory studies were 
applied to the development of vehicle and equipment decontamination trials for use in Canadian Food 
Inspection Agency disease response. Stainless steel coupons were inoculated with 6 log10 Geobacillus 
stearothermophilus spores or 5 log10 of Infectious Bursal Disease Virus (CLONEVAC D-78®) and overlaid 
with a soil slurry, which was allowed to dry. The coupons were attached to the equipment and removed at 
various points during the decontamination process.  Scrubbing, with water and detergent, then rinsing, reduced 
the spore count 0 to 2 log10 if all dirt was removed. Following disinfection, the spore count was reduced to 0 to 
1 log10 on clean discs or 0 to 3 log10 on those which dirt remained.  Washing with detergent resulted in killing 
or removal of all detectible virus in 48 of 54 discs tests.  
 
Keywords:  Decontamination, Cold Weather, Disinfectant Efficacy, Animal Disease Response 
 
 
 
 
 
 
Introduction 
This project addresses knowledge and technology gaps in decontamination capabilities for bioterrorist or 
disease emergencies involving the Agri-food system. Standards for disinfectant evaluation are based on health 
care needs. For example, efficacy testing is conducted at room temperature, on stainless steel surfaces, with 
serum as an organic matter challenge. Thus, the effect of normal field conditions (temperature variation or soil 
and manure contamination) is unknown. Furthermore, decontamination in the presence of meat greases (such 
as that found on processing lines) is highly problematic.  
 
Protocols must be highly adaptable to environmental conditions, terrain and space available. As well, methods 
have to be sustainable and scalable as animal disease outbreaks can vary from involving one to several 
hundred premises. 
 
Methods and Results 
As outbreaks of infectious animal diseases in Canada commonly occur at temperatures below 0 degrees 
Celsius (C), the microbicidal activity of 10% bleach (equal to a 0.575% Sodium Hypochlorite concentration), 
2% Virkon® and Surface Decontaminating Foam® (SDF, Allen-Vanguard Technologies Inc) was investigated 
at a sub-zero temperature.  A vaccine strain of Newcastle disease virus (NDV) (Clonevac-30®, Intervet Inc) 
and spores of Geobacillus stearothermophilus  (Strain 7953, Steris Canada Inc) were used as model 
organisms. To simulate natural conditions, 5% chicken manure or 5% garden soil was added into the virus or 
spore suspensions. The effect of the three disinfectants on NDV and G. stearothermophilus spores was 
determined using stainless steel disks ( Muzeen & Blythe Ltd, Winnipeg) and the second tier quantitative 
carrier test (QCT-2), and either an embryonated chicken egg assay (NDV) or bacterial culture methods 
(spores). It was shown that with the addition of 40% propylene glycol (PG), solutions of each of the three 
disinfectants remained liquid for at least 24 hours at -25C, and 40% PG was added to the disinfectants to 
prevent freezing. A reduction of NDV of 5.0 log10 50% egg lethal dose (ELD50) was obtained within a contact 
time of 15 min at -25C for all three disinfectants, but even with contact time of 24 hours the reduction of the 
spores was only 1.3 log10 at -20C.  
 
Due to the inactivity of the disinfectants at -20C, testing at that temperature was not carried out for Bacillus 
anthracis spores.  However, final results showed that 10 % bleach and SDF are able to inactivate over 5.5 logs 
of B. anthracis spores in 10 minutes at room temperature, in 20 minutes at 10C and approximately 6 logs in 
45 minutes at 4C.  When one percent dirt was substituted for the QCT-2 soil load at room temperature, there 
was no significant variation in the ability of bleach to inactivate the B. anthracis spores. 
 
The ability of SDF or bleach to inactivate Francisella tularensis and Yersinia pestis was not affected by a 
change from room temperature to 4C.  A 6 log or greater reduction of the bacteria in one minute or less was 
realized by SDF and in five minutes or less by 10% bleach 
 
Results of the laboratory studies were applied in the development of vehicle and equipment decontamination 
trials for use in CFIA disease response. Field trials were carried out, during cold weather, to develop a protocol 
using the most appropriate and widely accessible equipment.  Stainless steel coupons were inoculated with 6 
log10 G. stearothermophilus spores, or 5 log10 Infectious Bursal Disease Virus (IBDV), (CLONEVAC D-78, 
Intervet Inc). The inoculum was dried, and then overlaid with a thick soil slurry which was allowed to dry. The 
coupons were attached to the vehicle or farm implement; on the undercarriage, at the top of the wheel well, 
and a third site which varied with the type of vehicle.  
 
The vehicle was first dry cleaned, which consisted of brushing and scraping away as much organic material as 
possible. This was followed by washing with hot water and Dawn® Liquid Dish Detergent (Procter and 
Gamble), rinsing with the hot water (55°C at washer nozzle), using a pressure washer.  The piece was moved 
into a berm for disinfectant application.  Based on the laboratory results, the contact time was adjusted 
according to the temperature at the time of disinfection. This generally resulted in a doubling of the 
 
 
 
 
conventional contact time, so that in most cases, 20 minutes was used for Virkon®, and one hour for 10% 
bleach and SDF®.  
 
One set of discs were removed after the cleaning has been completed and a second after disinfection and 
rinsing.  Scrubbing, with water and detergent, then rinsing, reduced spore counts to <1 to 2 log10 colony 
forming units (cfu) on clean discs. If any dirt remained on the disc, the count reached up to 5 log10 cfu. 
Following disinfection with either 10% bleach or SDF, there was a further 1 to 4 log 10 reduction of the spore 
counts.  It should be noted that the time constraints of the trial prevented the crews from completing the 
cleaning job as thoroughly as they would have liked and this contributed to the number of discs that had some 
dirt remaining. 
 
In 48 of 54 discs tested washing with detergent was sufficient to remove or kill all detectible virus.  The IBDV 
positive results, after washing were, from discs that had trace amounts of soil contamination remaining. In 
three of the six positive discs, samples contained IBDV that was not titratable. The remaining three discs 
samples showed a virus load reduction to 1.3 to 1.92 log tissue culture infective dose. Disinfection, further 
reduced, but did not eliminate virus in 5 of 6 cases.  Again, in these samples soil contamination remained on 
the discs. 
 
Equipment preferred by personnel carrying out the dry cleaning were plastic paint scrapers, stiff windshield 
brushes (with scraper attached), long handled boot (milk tank) brushes and extra long screw drivers.  For 
scrubbing with detergent, personnel found the long handled boot (milk tank) brushes and small hand held 
brushes to be most effective. An adjustable angled nozzle was absolutely required for washing and rinsing the 
undercarriage and wheel wells. Crews used both the Suttner Adjustable Angle Nozzle Holder and the Suttner 
Push& Pull Lance (ST330 and ST85, Southside Equipment Inc, Louisville). The Push and Pull Lance was 
preferred as the user did not need to stop to adjust the nozzle angle. 
 
Conclusions 
Decontamination in cold weather may require contact times longer than that recommended by the 
manufacturer, especially below 4°C for spores and below 0°C for viruses. Disinfection of vehicles 
contaminated by virus (IBDV in this case) may not be required if all visible dirt can be removed. However, 
disinfection in cases where some dirt remains does not necessarily result in full virus destruction either. 
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Animal Mortality Response Capability Gaps: Federal R&D 
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This presentation discusses the current status and results of a multi-agency federal effort to identify 
US response capability gaps relative to animal disease outbreaks, and perform the research needed 
to develop techniques to fill the gaps. It explains the process of gap identification; prioritization, and 
funding. In addition, the talk will describe the gaps, and present the status of several completed, 
ongoing, and future projects designed to improve the US response capability. 
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Abstract:   “An investment in knowledge always pays the best interest”.  Benjamin Franklin 
 
Well informed poultry and livestock producers are the first line of defense against disease outbreaks and 
other catastrophes that threaten the security of our food system.  Armed with practical knowledge of 
disease symptoms, biosecurity practices, emergency response measures, and how to quickly 
communicate with appropriate agencies and services that offer emergency response support at the local 
level, producers are best positioned to react quickly to quell adverse economic, health, and 
environmental effects of livestock emergencies.  Furthermore, a well‐organized local response sets the 
stage for efficient use of state and federal emergency response resources when needed.  In this paper, 
which is an adaptation of one written for the Extension Disaster Education Network, the authors offer 
ideas for livestock industry biosecurity awareness programs, tools to aid local response to livestock 
emergencies, and a systematic approach for identifying and filling knowledge gaps pertaining to 
prevention, management, and recovery from livestock emergencies. 
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Scope	of	Problem	
During the past decade the poultry and livestock industries1 have experienced many mass mortality 
incidents worldwide.  In North America alone, mass animal losses have been caused by hurricanes 
(Katrina, 2005; Rita, 2005); rangeland wild fires (North Texas, 2006); blizzards (Kansas, Colorado, 2007); 
prolonged heat stress (California, 2006); flooding (Midwest, 2009); Exotic Newcastle Disease incursion 
(California, 2001); and avian influenza outbreaks (Alberta, 2004; Virginia, Maryland, Delaware, 2002).  
Furthermore, untold numbers of producers and their insurers have been impacted by local fires, 
ventilation system failures, building collapse, and disease, resulting in animal loss.   
Responding to industry‐wide concern regarding the frequency and impact of catastrophic animal losses, 
the U.S. Animal Health Association (USAHA) issued a resolution in 2009 calling for expanded research 
and emergency management programs to address “knowledge and capability gaps related to mass 
animal mortality management” (USAHA, 2009).  This call was seconded by a comprehensive review 
(Gilpen et al., 2009) of more than 2,000 emergency response articles published during the period 1965‐
2007 that identified significant gaps in educational and training materials pertaining to agricultural 
emergencies and called for development and delivery of agriculture‐specific information for first 
responders, livestock producers, importers, shippers, international travelers, and the general public. An 
assessment of bioterrorism threats to the livestock industry conducted by the Office of Science and 
Technology also concluded that a potential network for better communication with producers already 
exists through the USDA Cooperative State Research, Education and Extension Services (CSREES) county 
extension agent system, but that researchers, regulators and higher level stakeholders could do a better 
job working with and through the county agents (Kelly et.al., 2004). 
Program	Mission/Vision		
This paper proposes to fill knowledge and capability agro‐security2 gaps in the U.S. animal industries 
through a coordinated multi‐component program designed to 
1. Educate producers, industry suppliers, and service providers about pre‐event identification and 
reduction of livestock emergency risk factors;  
2. Improve emergency decision‐making and response through development of emergency 
response databases and electronic information networking; and  
3. Stimulate research needed to fill knowledge gaps identified by national and local livestock 
industry groups and emergency responders. 
 
                                                            
1 In this paper the term “livestock industry” refers collectively to cattle, swine, sheep, goats, poultry, aquaculture, and all other 
types of intensive food animal production. 
2 In this paper the term “agro‐security” refers to the subset of agricultural security issues pertaining to animal agriculture. 
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Recognizing that several federal agencies (USDA‐APHIS, DHS, DOJ, CDC, and FEMA) are tasked with 
responding to emergencies that are national or regional in scale, the proposed program focuses on 
strengthening the resiliency of the livestock industry at the local level and providing for meaningful 
actions prior to agency involvement.  The goal is to enhance local emergency response capacity to 
handle events that are too small to justify federal or state agency involvement and provide early and 
sustained local support to federal/state agencies during large‐scale events.  Similar thinking is found in a 
2007 report by the National Science and Technology Council which noted that “The ease with which 
federal resources integrate into a response hinges predominately on incident organization at the local 
and state levels. A well organized local or state response can more easily and quickly utilize additional 
resources (National Science and Technology Council. 2007).” The local focus also is in concert with post‐
9/11 emergency response literature recognizing the benefits of strengthening local resiliency (Waugh, 
2003; Waugh/Streib, 2006; National Research Council, 2011; Boteler, 2007) and supports the emergency 
response philosophy stated by Homeland Security Secretary Napolitano in her address to the American 
Red Cross:“…. Building a resilient nation doesn’t come from a top‐down, government‐only, command‐
and‐control approach; it comes from a bottom‐up approach; it comes from Americans connecting, 
collaborating; it comes from asking questions and finding new solutions.” (National Research Council, 
2011). 
Program	Components	and	Outcomes	
Livestock	Industry	Biosecurity	Awareness	
Research indicates a gap between national biosecurity recommendations and on‐farm adoption (Moore 
et al., 2008).  Improving local emergency preparedness requires increased awareness and understanding 
of agro‐security risks and adoption of preventive practices.  The educational component will improve 
understanding and adoption through delivery of species‐, location‐, and production/management‐
specific agro‐security information to all segments of the livestock production chain.  To initiate long‐
term changes in social attitudes, a 4‐H and FFA education component also is recommended. 
The framework for the education component will be agro‐security demonstration pilot programs (3‐year 
duration, involving 5‐20 counties) located in five livestock‐intensive areas (site selection based on 
responses to a national RFA).  Local program development and evaluation will be guided by a 
coordinating committee for each pilot program. 
To control program costs, information delivery will initially be through quarterly newsletters emailed to 
program subscribers and selected media outlets (program subscribers without email service will be 
accommodated via limited printing of paper copy).  Each newsletter will contain content based on 
interviews with by Extension livestock industry experts, state/local emergency management and 
regulatory agencies, local livestock producers, and veterinarians.  
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Programming will be supported through development of content at the national program level focusing 
on issues of industry‐wide importance (e.g. maintaining business continuity during disease outbreaks, 
on‐farm agro‐security risk assessment, and animal disease traceability).  A national coordinating 
committee with representatives from USDA, Extension, DHS, and USAHA and its member associations 
will guide planning of this material.  The content will be generated by knowledgeable people 
representing livestock‐related professional organizations and will include selected content presented at 
relevant national conferences such as the International Symposia on Livestock Mortality Disposal 
(sponsored by USDA‐APHIS in 2004, 2006, 2009, and by DHS in 2012). 
Specific outcomes for the education component will include 
 Development of five livestock‐industry agro‐security working groups (coordinating committees) 
in geographically different regions of the U.S. 
 Development of 10 or more agro‐security education products (e.g. bulletins, PowerPoint 
presentations, species‐specific risk assessment tools) annually.  Ideas will be solicited from 
subscribers and coordinating committees in each demonstration area.  Review at the national 
level will encourage coverage of national‐, as well as local‐level threats; help to ensure 
consistent formatting; and reduce duplication of effort.  Products will be posted on project‐
specific pages of the Extension Disaster Education Network (EDEN) website (to maintain local 
project identity) and their distribution promoted through selected media outlets, state/federal 
agency contacts, and partnering universities.   
 A scholarly‐paper characterizing threats to the livestock industry; perceptions of risk in the 
industry; industry preferences for mortality‐related information and delivery methods; 
successes/failures for each pilot demonstration; and recommendations for future agro‐security 
programming. 
Tools	for	Local	Emergency	Response		
Local agro‐emergency response decisions are often made hurriedly by individual producers armed with 
outdated or incomplete information.  This can lead to decisions that fail to consider available options.  A 
common example is the knee‐jerk reaction to use on‐farm mass burial following catastrophic livestock 
loss, a decision increasingly viewed unfavorably by the public.  
The local capacity assessment and networking program component will provide subscribers in each 
demonstration area with rapid access to a real‐time web‐based decision‐support database including 
available capacity and current fees at local rendering plants, landfills, trucking firms, excavating 
contractors, co‐compost suppliers and processors, emergency incineration services, and ag equipment 
and materials vendors.  In the event of a livestock emergency, a producer could contact the local 
Extension office to request decision support and, with a few keystrokes, the database will be used to 
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simultaneously poll all available contractors (within a specified service radius).  Combined with on‐line 
general information on regulatory limitations and the practical pros and cons of different disposal 
options, this information will help to insure that all feasible options are considered, and that safe and 
economical options are identified.  This will help to insure business continuity of livestock operations 
and reduce the costs of insurance coverage for disposal and clean‐up of catastrophic livestock losses. 
Since emergencies occur infrequently, the public tends to lose interest in emergency planning.  Similarly, 
producers and services and supply providers may lose interest in a database focusing solely on 
emergencies.  To counteract this, the online database must include content having every‐day utility for 
both parties.  For producers this can include the agro‐security education products from the education 
component, as well as supplemental planning and hazard avoidance information on topics such as fire 
and snow load control, feed storage, animal nutrition, and managing meat and milk products rejected by 
the packer/buyer.  For suppliers, this can include information on what livestock producers value and 
look for when they purchase materials and services, as well as the opportunity to advertise non‐
emergency services (veterinary, nutrition consulting, engineering, etc.) available within the 
demonstration project area (a local electronic yellow‐pages for the livestock industry). 
With low‐tech implementation, decision support requests and responses can be accomplished with 
simple email lists.  In a more sophisticated and less labor intensive implementation, selected service 
providers would be asked to post available emergency capacity and estimated service fees via an on‐line 
web–based form that feeds data into an on‐line spreadsheet (essentially Google forms linked to a 
spreadsheet) made viewable only to the producer requesting assistance.  In a high‐tech and more 
expensive implementation, polling of selected classes of emergency service providers and notification of 
key agency personnel (at producer’s request) could be done via a cellular phone app or commercial 
mass notification services—such as Blackboard Connect (universities now use such services to notify 
faculty and students of emergency situations)—thereby facilitating simultaneous polling and notification 
via both email and cell‐phone text messaging. 
State University’s working relationships with local agriculture, business, and government entities 
position them to educate the public about the emergency database/ networking system and to contact 
local businesses and agencies to offer them the opportunity to post their services to the online database 
using a simple online form.  Database maintenance will be accomplished at relatively low cost by 
emailing project cooperators annually and asking them to spend a few minutes to check and update 
their data.  Firms that fail to update their data would be dropped from the database. 
Specific outcomes for the local capacity assessment and networking component will include  
 Establishment and testing of five local capacity databases and emergency information networks. 
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 Documentation of successes/failures of capacity assessment and emergency networking 
approaches used in each demonstration area. 
 A scholarly‐paper comparing local capacity/networking methods with alternative technology 
options, and providing recommendations for selecting and using technology to strengthen 
emergency preparedness in the livestock industry. 
Identifying	&	Filling	Information	Gaps		
In 2005, the National Science and Technology Council identified six areas for sustained Federal 
investment in science to reduce the impacts of disasters.  The livestock industry would benefit from a 
similar roadmap that describes and prioritizes “knowledge and capability gaps” alluded to in the 2009 
USAHA resolution.  The following are examples of questions /new concepts that could be pursued/ 
tested as a part of the five species‐specific demonstration projects described earlier.  
Agro‐security information & communication:  What key factors influence risk perception and 
meaningful response in the livestock industry? How can this knowledge be used to strengthen agro‐
security education? 
1. Vulnerability assessment and reduction:  What are the top priority vulnerabilities associated 
with specific species; production management systems; geographic regions; or segments of 
animal production chains?  How are diseases transmitted and propagated, and what are the 
strategic prevention and control points?  How can monitoring and data sharing strategies 
prevent or mitigate livestock emergencies? Can indicators like those discussed by Cutter et al. 
(2010) be used to benchmark and improve livestock industry emergency preparedness? 
2. Emergency response: What new or improved technologies can reduce the capability gaps in 
mass animal mortality management?  What techniques can be used monitor pathogen levels in 
composted animal tissues and manure?  Are the proposed local emergency capacity database 
and electronic networking concepts sustainable, how effective are they, and how can they be 
improved?   
 
Specific outcomes of the research component will be: 
 Identification and description of the top animal industry priorities for agro‐security research; 
 Evaluation of the effectiveness of the agro‐security database and electronic networking 
concepts in each of the five demonstration areas; 
 Assessment of potential usefulness of local agro‐security emergency network in collecting data 
for a national Historic Incidents Database and Archive as recommended by the National 
Agricultural Biosecurity Center Consortium (2004) for the purpose of assessing “lessons learned” 
and developing improved future emergency response protocols. 
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Building	Capacity	for	Local	Emergency	Response	
The proposed programs are examples of a multi‐strategy approach for  strengthening critical agro‐
security emergency preparedness at the local level.  The outcomes of the educational and networking 
components will provide new educational materials and decision aids in support of livestock industry 
programs and will expand the library of EDEN disaster response materials.  The research component 
facilitates identification and prioritization of livestock industry agro‐security research needs for 
consideration by researchers, federal grant managers, and policy makers.  All of the proposed 
components support progress toward Global Food Security, one of the five NIFA priority areas. 
Conclusion	
The proposed program provides a substantive local and national response by USDA Extension to the 
USAHA 2009 resolution calling for assistance in filling “knowledge and capability gaps” relevant to 
preventing, mitigating, and recovering from catastrophic animal losses.  Extension has a trusted 
relationship with many farmers, regulators, and community leaders, positioning it to be a leader in 
developing livestock industry appreciation of and support for long‐term local agro‐security programs. 
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This presentation will discuss recent Foot and Mouth Disease (FMD) outbreaks in the United 
Kingdom, Japan, and South Korea, all of which used a stamping out strategy similar to the guidance 
published in US and international policy documents. The presentation assesses the US capacity to 
respond to FMD with stamping out, and discusses recent shifts in US policy related to FMD 
response. In particular, the presentation covers disposal issues, the catastrophic environmental 
impacts that can result from improper disposal, and a comparison of various waste minimization and 
disposal options in terms of public health risks. 
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Prior to 2004, Canada had only experienced outbreaks of highly transmissible foreign animal 
diseases (FAD) twice. FMD in 1951-52 and Classical Swine fever in 1963. Both outbreaks were 
limited in scope. The gap in time led to a loss of corporate memory, complacency and failure to 
maintain adequate levels of preparedness to address the next outbreak. The 2004 outbreak of highly 
pathogenic avian influenza (HPAI) demonstrated the lack of preparedness. While plans existed that 
outlined the response to FAD’s in general and HPAI specifically, CFIA staff were not adequately 
trained or aware of the plans. The initial response reflected this. During the subsequent response, 
many lessons were learned and applied resulting in a finely tuned and coordinated response as the 
outbreak proceeded. Following the outbreak a thorough analysis of what needed to be improved was 
undertaken and funding committed to achieve the desired outcomes. Outbreaks of notifiable avian 
influenza (H5/H7 subtypes) occurred in 2005, 2007, 2009 and 2010 which allowed the modified plans 
and training to be applied and modified following the responses to improve the CFIA plans. Industry 
and provincial / territorial governments became actively engaged partners in developing response 
plans and training initiatives. Through every response and exercise, communication was identified as 
a critical element that could be improved. Managing the flow of information about the response and 
engaging all of the stakeholders is a major task to provide relevant information in an open and 
transparent manner. 
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 Abstract 
Livestock mortalities represent a major waste stream within agriculture. Many different 
methods are used throughout the world to dispose of these mortalities; however within 
the European Union (EU) disposal options are limited by stringent legislation. The legal 
disposal options currently available to EU farmers (primarily rendering and incineration) 
are frequently negatively perceived on both practical and economic grounds. In this 
review, we assess the potential environment impacts and biosecurity risks associated 
with each of the main options used for disposal of livestock mortalities in the world and 
critically evaluate the justification for current EU regulations. We also consider the socio-
economic and practical implications of the regulations. Overall, we conclude that while 
current legislation intends to minimise the potential for on-farm pollution and the spread 
of infectious diseases (e.g. Transmissible Spongiform Encephalopathies, bacterial 
pathogens), alternative technologies (e.g. bioreduction, anaerobic digestion) may 
provide a more cost-effective, practical and biosecure mechanism for carcass disposal 
as well as having a lower environmental footprint. Further social, environmental and 
economic research is therefore warranted to assess the holistic benefits of alternative 
approaches for carcass disposal in Europe, with an aim to provide policy-makers with 
robust knowledge to make informed decisions on future legislation. 
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 1. Introduction 
Farming systems generate a significant volume of mortalities that need to be 
disposed of safely, practically and economically. Traditionally, the most widely utilised 
methods for disposal of on-farm mortalities has probably been burial and to a lesser 
extent, burning. However, implementation of the European Union (EU) Animal By-
Product Regulations (1774/2002) (Anon, 2002) forbids these practices within the EU and 
limits the disposal routes to incineration (either on- or off-farm), rendering, high 
temperature / pressure alkaline hydrolysis, and licensed maggot farms (Anon, 2002). 
The prohibition within the regulations was founded on the perceived risk of pathogens 
and infective agents entering the animal feed chain due to their incomplete destruction 
during burial and burning of mortalities (Anon, 2002). Particular concern relates to the 
safe management of prions responsible for Transmissible Spongiform Encephalopathy 
(TSE) (Anon, 2002). However, carcass disposal is also perceived to be synonymous with 
pollution, such as the increased concentrations of soluble nitrogen in soil and 
groundwater due to burial (Ritter & Chirnside, 1995), odour issues, or the fear of dioxins 
and furans being released into the air as a result of incomplete or uncontrolled 
combustion (Scudamore et al., 2002). It is therefore essential that disposal methods can 
eliminate or contain these risks. However, practices such as burial are still widely utilised 
outside of the EU. The different interpretation of the threats and/or risks posed by each 
disposal option raises questions about the quality of the evidence-base upon which legal 
decisions have been made. There is therefore a need to critically assess the biosecurity 
and pollution merits and drawbacks of the different disposal options currently available to 
farmers within and outside the EU.  
The following review summarises the findings of Gwyther et al. (2011), outlining the 
major routine disposal routes used throughout the world and the biosecurity and 
environmental credentials of each. The economic viability and practicality of each option 
are also discussed briefly. It also discusses options that may become increasingly used 
in the future (Tables 1 and 2).  
 
2. Current methods for disposal of livestock mortalities 
2.1. Burial 
The traditional methods of on-farm burial of livestock mortalities include burial in 
graves, trenches, or in open-bottomed containers referred to as mortality or disposal pits 
(CAST, 2008a). Livestock burial has been banned in the EU due to fears that infectious 
 agents may inadvertently enter both the human food and animal feed chains or lead to 
environmental pollution. However, no studies could be found that reported any serious 
environmental or human or animal health impact from routine disposal of livestock via 
burial. Indeed, Ritter and Chirnside (1995) concluded that the pollution from burial pits 
was similar to that of domestic septic tanks and could be controlled with legislation 
synonymous with on-site wastewater treatment regulation.  
Many of the assumptions about the environmental impact of the burial of fallen 
(dead) stock have been made following mass-burial at incidences of high mortality 
Glanville (2000) evaluated the environmental impact of burying 28,000 kg of turkeys in 
two pits following a barn ventilation failure, whereas weekly disposal of dead animals 
from an American turkey farm typically equates to approximately 2,000 kg (CAST, 
2008a). Similarly, during the UK Foot and Mouth Disease (FMD) outbreak in 2001, 
approximately 61,000 tonnes of carcasses were disposed of at four mass burial sites 
(Anderson, 2002). It is inevitable that such mass burial would pose considerably greater 
environmental and biosecurity risk than burial of routine mortalities and hence 
extrapolation of the results from studying such extreme events may be erroneous. 
Indeed, Vinten et al. (2008) concluded that the concentrations of E. coli and 
Cryptosporidium in ground and surface water were affected to a greater extent by 
excretion from live animals than they were from the burial of a small number of 
carcasses. The risk posed by routine burial should therefore be balanced against other 
widespread agricultural practices (e.g. land-spreading of livestock waste) so that the 
threat is realistically evaluated in relative terms.  
Concern has also arisen that burial may lead to propagation of pathogens and 
subsequent pollution of groundwater and drinking water. Many factors affect the 
movement of pathogens through soil to groundwater, including soil type, permeability, 
water table depth and rainfall (Beal et al., 2005). However, adsorption, filtration and 
predation by natural microbial populations significantly reduce the amount of pathogens 
that eventually reach underlying groundwaters (Beal et al., 2005). Within an aquifer, 
there are also many factors that govern the inactivation of the pathogens, e.g. pH, water 
flow rate and substrate grain size. Taking all these factors into account, it is plausible 
that the numbers of pathogens reaching any drinking water source due to routine burial 
are likely to be low; particularly if boreholes and wells are deep, thereby increasing the 
likelihood of their demise before reaching the water. In support of this, in a survey of 
poultry disposal pits, Ritter and Chirnside (1995) found the average concentrations of 
 faecal coliforms and faecal streptococci in water samples to be relatively low (24 CFU 
100 ml-1 and 3 CFU 100 ml-1, respectively); with many samples testing negative. 
Furthermore, the addition of hydrated lime (Ca(OH)2) to the base of burial pits has been 
shown to effectively reduce the survival and transfer of pathogens (Sanchez et al., 
2008). Applying lime both during the construction and subsequent operation of burial 
sites therefore seems to offer a simple and cost-effective procedure to improve 
biosecurity that would be accessible to many farmers. 
Some infectious material such as anthrax spores or prions can however reside 
within the soil after carcass decomposition (Johnson et al., 2007; Nechitaylo et al., 
2010). This may lead to animals inadvertently ingesting the infectious agents and hence 
may lead to development of neurodegenerative disease (e.g. BSE or scrapie) in the 
case of prions (Johnson et al., 2007), or the reintroduction of anthrax (Sharp & Roberts, 
2006). However, measures can be implemented to reduce such risks. Primarily, animals 
suspected of dying from neurodegenerative disease or anthrax should be automatically 
sent for incineration or rendering following examination by a veterinary practitioner. 
Burial sites could also be located away from livestock fields and at sufficient depth so 
that the potential for transfer of infectious agents back to the surface (e.g. through 
earthworm activity (Nechitaylo et al., 2010; Williams et al., 2006)) is very low. Indeed, 
burial of carcasses at depth may also stimulate prion-degrading enzyme production by 
indigenous microbial populations (Rapp et al., 2006). Applying soil additives 
incorporating proteases or microbes known to degrade prions may also be worthwhile 
and is an area for future research. Risk assessments undertaken in 1997 after the UK 
BSE crisis concluded that the leachate from the landfills used to dispose of BSE-infected 
cattle was not likely to cause a significant risk to local inhabitants (Spouge & Comer, 
1997). However, burial at depth may induce hypoxic conditions, particularly in soils with 
very high moisture content (e.g. when waterlogged). This may impede microbial 
degradation of prions and ultimately sustain infectivity and thus pose a biosecurity threat 
if pits are inadvertently exposed at a later date. Nevertheless, the associated probability 
of TSE transmission through burial of carcasses in Europe is clearly reduced given the 
significant decrease in numbers of livestock infected with prions over the last decade 
(DEFRA, 2008a).  
In the UK, groundwater vulnerability maps were used during the 2001 FMD 
outbreak to locate suitable mass-burial sites (Anderson, 2002) and are currently used to 
locate suitable human cemetery sites (EA, 2004). A similar risk assessment method 
 could be employed to reduce the risk of contamination to groundwater from routine 
livestock burial using additional datasets, including locations of boreholes and wells, 
topography, and land-use. In summary, more evidence is needed to definitively test the 
environmental impact of burial of routine mortalities.  
 Table 1. Grading of the socio-economic and biosecurity aspects of methods used throughout the world for disposal of routine livestock mortalities; assuming best 
practice.  
Method 
Socio-economic aspects Human health Biosecurity aspects 
Process 
speed 
Relative 
cost 
Practicality 
(for the 
farmer) 
 Dioxins/ 
furans 
Pathogen contamination of: Land-spreading 
of waste 
produced 
Transport 
of animals 
off-farm 
Prion 
destruction 
Air 
(bioaerosols) 
Soil and 
vegetation 
Water 
Burial *** ***** ****  *****  **** *** MRN N/A ***** * 
Burning **** **** ***  **  MRN MRN MRN MRN ***** *** 
Incineration (on-
farm) a ***** ** ***  ****  *****
 b *****b ***** b  MRN ***** ***** 
Incineration (large 
central facility) ***** ** *****  ***  *****
 b ***** b ***** b  MRN * ***** 
Rendering ***** *** *****  MRN  ***** N/A MRN N/A * **** 
Composting c ** **** ***  MRN  *** *** MRN MRN ***** *** 
Anaerobic digestion ** *** d ***  MRN  **** *** *** MRN ***** ** 
Alkaline hydrolysis **** ** e ***  MRN  ***** ***** ***** ***** ***** ***** 
* Very poor; ** Poor; *** Moderate; **** Good; ***** Very good; MRN More research needed; N/A Not applicable. 
a Assumes conformation to ABPR (1774/2002) specifications e.g. use of afterburners 
b Omits handling and storing phase of carcasses pre-incineration which may constitute potential biosecurity risks (Section 2.3)  
c Assumes unlined static pile with no forced aeration  
d Benefits from methane production (biogas for energy production) not considered 
e Unlikely to be suitable for small farms; although increasingly cost-effective with increasing farm size 
 
 2.2. Burning 
On-farm burning of livestock mortalities on pyres is commonly used as a disposal 
method in many countries. Burning on pyres has also been used extensively in many 
disease outbreaks such as the 2001 FMD outbreak in the UK (Scudamore et al., 2002), 
and the 2004/2005 outbreak of anthrax in Uganda (Wafula et al., 2008). Despite the 
scale of mass-burning that occurred during the UK FMD outbreak, evidence of 
groundwater contamination from ash burial was minor, soil contamination from pyres 
was found to be negligible, and emissions from pyres did not significantly affect air 
quality beyond the immediate vicinity (EA, 2001). Furthermore, studies indicated that the 
spread of FMD virus via smoke plumes was very unlikely (Champion et al., 2002). 
Biosecurity concerns therefore principally reside with the fate of TSEs, as open-air 
combustion is not likely to be as complete or reach as high a temperature as 
incineration, increasing the risk of TSEs remaining infectious (EC SSC, 2003a) (see 
Section 2.3). However, studies by Brown et al. (2004) suggest that the potential for the 
airborne or bottom ash transfer of TSEs from animal carcasses is highly unlikely. 
Further, complete combustion can be successfully achieved when sufficient labour, air 
and fuel is provided (Animal Health Australia, 2007). 
Possible human health risks associated with on-farm burning (apart from physical 
burns and direct smoke inhalation) include the emission of dioxins and furans from 
incomplete carcass combustion. Dioxins released from pyres during the 2001 FMD 
outbreak were estimated to be between 7 and 73% of total annual UK dioxin emissions 
(EA, 2001), yet there were no significant dioxin concentration increases in products 
destined for the food chain at that period (Rose et al., 2005). Although the environmental 
impact of burning was shown to be minimal, considerable social concerns were 
expressed regarding odour, unsightliness, etc. (Anderson, 2002; EA, 2001); so much so 
it resulted in the abolishment of pyre burning as a viable disposal option (Scudamore et 
al., 2002). Nevertheless, such conclusions were drawn following mass-burning at over 
950 sites (EA, 2001) and it is unclear whether burning of routine on-farm mortalities 
would raise such concerns or pose any environmental risk if performed effectively. 
Indeed, there is little evidence to legitimately deny or endorse the use of on-farm burning 
for routine disposal and more scientific analyses of pyres should be instigated to test 
common conceptions (e.g. increased dioxin levels and groundwater contamination), 
especially as disposal on pyres could potentially be used again should another disease 
outbreak occur (Anon, 2002). Such work should be supported by social studies to 
 elucidate the fears and possible misconceptions associated with livestock burning so 
that effective communication of risk can occur.  
 
2.3. Incineration 
Incineration is the process where animal carcasses or by-products are burnt at 
high temperatures (≥ 850 °C) to produce an inorganic ash (NABC, 2004). The process is 
expected to destroy all infective agents (NABC, 2004). Ash typically represents 1 to 5% 
of initial carcass volume (Chen et al., 2003), though this will vary with the incinerator 
type, process, fuel and animal species. In EU countries, ash resulting from specified risk 
material (SRM) (e.g. the spinal cord and brain) is subsequently sent to designated landfill 
sites (in accordance to the ABPR), as is the recommendation in other countries (NABC, 
2004). 
The principal concern with incineration of carcasses relates to gaseous emissions; 
however, small-capacity incinerators in some EU states have been deemed to be 
exempt from local air pollution controls as emissions of key pollutants represent ≤ 0.2% 
of the total air emissions (AEA Technology, 2002). Further reductions in harmful 
emissions may also occur after adoption of optimum techniques as introduced with the 
ABPR (e.g. use of afterburners).  
Polycyclic Aromatic Hydrocarbon (PAH) emissions from two animal waste 
incinerators have been measured and directly compared with those from medical waste 
incinerators. Mean concentration of PAHs in the flue gas were greater in the animal 
incinerators than the medical waste incinerator, which was attributed to higher chamber 
retention times in the medical waste facility (Chen et al., 2003). In a further study, metal 
concentrations in the flue gas were found to be higher in the animal carcass incinerators 
than the medical incinerators (Chen et al., 2004). As neither of the two animal waste 
facilities met the ABPR (1774/2002) standards of heating to 850 °C for at least two 
seconds (Anon, 2002), yet the medical waste facility did, this suggests that current EU 
standards should reduce emissions from on-farm incinerators if operated correctly. 
However, more evidence is needed to elucidate the gaseous emissions arising from 
incineration of carcasses, especially under scenarios where the technology may not be 
working under optimal conditions. 
Other health concerns arising from carcass incineration include the entry of dioxins 
and furans from flue gas and fly ash into the food chain through grazing animals or 
through human consumption of contaminated crops. However, afterburners fitted to 
 incinerators can dramatically reduce the risk of noxious emissions release and numerous 
studies on different types of incinerators have found that dioxin and furan emission 
levels are rarely higher than ambient concentrations (Yan et al., 2008). Furthermore, 
concentrations of dioxins and furans decrease significantly with increasing distance from 
incinerators (Yan et al., 2008) and the siting of on-farm incinerators is regulated within 
the EU (e.g. so as not to be within the immediate vicinity of livestock (Anon, 2002)). 
Indeed, it is thought that dioxins and furans from small animal incinerators account for 
only 0.07% of total UK dioxin emissions (AEA Technology, 2002). In theory, land-
spreading of the generated ash as a soil improver may increase the risk of dioxins and 
furans entering the food chain via bioaccumulation. However, it is likely that this would 
pose an extremely low risk given the low concentrations released by small animal 
incinerators. A study of large-scale municipal solid waste incinerators indicated elevated 
dioxin levels in operators who worked with bottom ash (Liu et al., 2008). However, 
further work is needed to elucidate if such effects occur from small-scale facilities.  
There has been some debate previously about the effectiveness of incinerating 
TSE-infected carcasses and SRM (NABC, 2004). However, it is generally accepted that 
incineration destroys prion proteins more effectively than other methods of livestock 
disposal (with the possible exception of alkaline hydrolysis (NABC, 2004)). Concerns 
have been raised about the levels of TSE remaining in the fly ash and slag generated, 
hence the requirement to land-fill all ash potentially infected with TSEs in the EU. 
However, risk assessments have shown that there is less than a 1 in 1 × 109 chance of 
the most exposed individual being infected with BSE via ingestion of ash following 
incineration and the infectivity of ash generated from incineration of BSE-infected meat 
and bone meal to be negligible (Spouge & Comer, 1997). The main risk to humans is 
attributed to the contamination of groundwater supplies from leaking sewerage pipes 
containing washwater from spillages of TSE-infected material at the incinerator (Spouge 
& Comer, 1997). In reality, the probability of this happening is extremely low, particularly 
if effluent is treated on-site. From a human and animal health perspective, the high 
temperature of incineration also completely destroys zoonotic and animal pathogens, 
including resilient spore-forming bacteria such as Bacillus anthracis (anthrax) (NABC, 
2004). Land-spreading of ash from incineration of pigs and poultry is permitted in the UK, 
although under increasingly stringent regulation (DEFRA, 2008b). Whilst land-spreading 
of ash derived from carcass incineration can potentially cause environmental damage 
(e.g. through heavy metal pollution (Chen et al., 2004)), a search of the literature failed 
 to find any evidence which justifies the introduction of more stringent regulation. If such 
regulations become unworkable, it may result in the unnecessary land-filling of material 
that could be used in the fertiliser industry as a potential soil improver (Paisley & 
Hostrup-Pedersen, 2005).  
One of the main perceived risks related to off-farm incineration is the transportation 
of dead livestock between farms. In Europe, centralised collection services exist for 
livestock mortalities where licensed operators collect carcasses and subsequently 
transfer the animals for incineration (or rendering) as necessary. The vehicles may cover 
significant distances between farms whilst they are laden with carcasses of diseased 
animals and this has raised significant concerns within the livestock industry (Kirby et al., 
2010). Such concerns appear to be justified as it was found that transporting animals 
between premises facilitated the spread of the FMD virus in the UK (Anderson, 2002; 
Scudamore et al., 2002); and could propagate other serious animal diseases such as 
avian influenza (Pollard et al., 2008) and BSE (Spouge & Comer, 1997). The lag time 
between the death of a diseased animal and its collection may also pose a hazard if 
carcasses are not stored securely. The risk of propagating disease via transporting 
carcasses between farms may be reduced given that some infective agents (e.g. 
viruses) only survive on live animals. Further, such risks may be reduced via employing 
good biosecurity practices such as disinfection of collection vehicles and protective 
clothing between sites; and by having sealed containers which livestock or vermin 
cannot access and which fluids cannot escape (Pollard et al., 2008). However, it is 
unclear that such practices are always performed by all farmers and contracted 
operators nation-wide.  
Studies are required to directly compare the environmental footprint of incineration 
against other carcass disposal options via a life-cycle assessment (LCA) approach. 
Incineration of carcasses is likely to generate greenhouse gas (GHG) emissions due to 
the energy-intensive nature of the process and the relatively high water content of 
carcasses. The limited number of central incinerators also necessitates long-distance 
transportation of fallen stock, although this may be balanced against greater efficiency 
when larger waste volumes are incinerated. There may therefore be an argument that 
due to biosecurity and environmental concerns, incineration should take place on-farm; 
provided that stringent regulation and monitoring is in place to validate minimum 
standards.  
 
 2.4. Rendering 
Rendering entails crushing carcasses and animal by-products into particles of a 
uniform size, heating the particles and then separating out the fat, proteinaceous 
material and water into, where possible, useful products including meat and bone meal 
and tallow (CAST, 2008a; Kalbasi-Ashtari et al., 2008; Woodgate & van der Veen, 
2004). In the EU, mammalian meat and bone meal must now be land-filled, incinerated 
or used as a fuel source (Anon, 2002); although reductions in TSE levels may lead to it 
being reinstated as an additive for animal feed (Anon, 2010). Tallow from rendering can 
be used in, amongst other things, soaps, washing powders, as lipids in the chemical 
industry and cosmetics (Kalbasi-Ashtari et al., 2008; NABC, 2004). It may also be burnt 
for energy production and due to its high fat content a considerable amount of energy 
may be recovered; thus reducing the net environmental footprint of the process 
(Woodgate & van der Veen, 2004). As with incineration, rendering has a high energy 
demand but if tallow is recovered for subsequent energy production then the net GHG 
emissions will be reduced. 
The main environmental concerns associated with rendering relate to gas and 
odour emissions. Odours may be generated from the raw material, during processing 
and from the resulting waste effluents (DEFRA, 2008c). Emissions must be prevented, 
reduced or treated, preferably in that order, using best available technologies (DEFRA, 
2008c). Cold water washing may remove 90% of odours from rendering systems 
(Kalbasi-Ashtari et al. 2008), with further emission reductions achieved using 
afterburners, scrubbers or biofilters. With regards to effluents generated at rendering 
plants, suspended solids, oils and greases must be regulated to prevent the release of 
effluents with high biological and chemical oxygen demand into watercourses. Pollutants 
can be reduced simply by water use or recycling and reusing, or by treatment on or off-
site at conventional sewage treatment works (DEFRA, 2008c).  
A hygiene standard of 133 °C /20 min /300 kPa or equivalent is required by the EU 
for the rendering of high-risk material, including livestock carcasses, to inactivate agents 
such as TSEs. As there is no guarantee that the rendering process completely destroys 
prions (EC SSC, 1999), SRM must currently be incinerated after rendering (Anon, 2002). 
Seidel et al. (2006) have shown, however, that alternative strategies to terminal 
incineration are possible with minimal risk, suggesting that current EU legislation is too 
constraining, particularly for pork and poultry where there is no evidence of naturally 
occurring TSEs (EC SSC, 1999). NABC (2004) report that rendering sufficiently destroys 
 most pathogens but recontamination can occur, particularly with Salmonella, during 
handling, storage and transportation of the final product. However, this can occur with 
most common municipal and animal waste streams (e.g. compost or digestate) and can 
be considered to be of low risk if effective handling and storage procedures are in place.  
Although the negative issues of biosecurity for carcass collection and transport for 
rendering are similar to those discussed previously for centralised incineration, rendering 
represents a well established method of livestock disposal for those with access to a 
central collection service (Tables 1 and 2; Woodgate & van der Veen, 2004). However, 
commercial rendering facilities are becoming increasingly scarce due to economic 
pressures on the industry (Anderson, 2002; CAST, 2008b; Kalbasi-Ashtari et al., 2008; 
Stanford & Sexton, 2006). Traditionally, farmers have been paid to have their livestock 
mortalities rendered as the revenue from rendering products outweighed the cost of the 
process, but the inability of the process to completely destroy TSEs has led to the 
reduction in saleable products, resulting in the introduction of fees (Stanford & Sexton, 
2006). Nevertheless, rendering is still a preferred option for disposing of deceased 
animals in the EU and is likely to continue to be so, preferably in combination with 
incineration and a pathogen monitoring regime (Pollard et al., 2008). 
 
2.5. Composting 
Outside of the EU, aerobic composting is widely used to dispose of livestock 
mortalities. Composting is a simple technique that can be undertaken on-farm using 
windrows or bins (NABC, 2004), or at dedicated facilities using enclosed windrows or in-
vessel techniques (DEFRA, 2008d). Typically, the process involves the layering of 
carcasses between strata of carbon-rich substrate such as straw, sawdust or rice hulks 
with a final covering of carbon-rich substrate over the entire pile (NABC, 2004). Larger 
carcasses are typically placed in single layers while poultry can be multi-layered; and the 
compost piles are subsequently aerated or turned (NABC, 2004). Depending on carcass 
weights, the waste material may decompose at rates as high as 1–2 kg day-1 (Kalbasi et 
al., 2005) into a useful product that can be used as a soil amendment. The process 
essentially occurs in two phases – a primary, thermophilic phase (temperatures up to 70 
°C generated for a number of weeks) and a secondary, mesophilic phase (typically 30–-
40 °C for a number of months) (Kalbasi et al., 2005).  
 To minimise the risk of pollution (i.e. leaching and runoff), composting should be 
undertaken on an impervious base (e.g. hard standing or plastic liner) (Glanville et al., 
2006) and a bulking agent (e.g. sawdust) utilised to absorb excess liquids produced from 
the decomposing bodies (NABC, 2004). The risk can be further reduced by undertaking 
the composting indoors or under gas-permeable covers to prevent rain ingress into the 
compost piles. This precaution should also reduce leaching of nutrients, and ammonia 
emissions. In terms of gaseous emissions, odour levels from the composting of 
carcasses are considered to be low in comparison to manure-related facilities (Glanville 
et al., 2006); and whilst composting carcasses may also lead to GHG emissions, it is 
unknown whether these emissions are any greater than those released through natural 
decomposition (Xu et al., 2007). 
The temperatures generated during the thermophilic phase of carcass or meat 
waste composting has been shown to effectively reduce numbers of bacteria, viruses, 
protozoa and helminths (Glanville et al., 2006; Wilkinson, 2007). However, some 
bacteria, particularly Salmonella, can re-colonise the compost when temperatures are 
reduced near the end of the composting process or if the pile has not been adequately 
aerated or turned (NABC, 2004; Wilkinson, 2007). It is also possible that opportunistic 
pathogens may colonise the compost pile if insufficient temperatures are reached 
(Sanabria-Leon, 2006). It is recommended that compost derived from composting of 
fallen stock be used in areas with limited public contact (e.g. along roads) to further 
negate any risks (Schwarz et al., 2008). Other safety measures include using clean 
material of sufficient depth (>45 cm) to cover compost piles containing fallen stock 
(Glanville et al., 2006). Studies have shown that the avian influenza virus and Newcastle 
Disease can be rapidly deactivated at the temperatures reached during composting (Lu 
et al., 2002; Guan et al., 2009). A risk-based review of disposal options for avian 
influenza by Pollard et al. (2008) placed in-vessel composting on the preferred list of 
disposal methods on the grounds of exposure assessment. There is little information 
regarding the fate of prions or spore forming bacteria such as Bacillus anthracis during 
carcass composting, thus preventing it from becoming considered as an EU-compliant 
disposal route. However, Huang et al. (2007) found some initially promising evidence in 
their study with scrapie-infected sheep, with prion removal in one experiment and prion 
reduction (but not destruction) in the second. 
 In the foreseeable future, in-vessel composting of routine mortalities, particularly on 
pig and poultry farms where there is no evidence linking to TSE infection (EC SSC, 
1999) could provide a practical, cost-effective and low-risk method of carcass disposal. 
The use of Geographical Information Systems and Groundwater Vulnerability Maps to 
locate ideal composting sites, along with good composting practices discussed 
previously in tandem with stringent regulation to restrict subsequent land-spreading to 
specific soil types, a pathogen monitoring regime and a maximum mass of carcasses to 
be disposed, would further decrease perceived risks. Biosecurity can be improved again 
by composting in fenced, contained areas (Xu et al., 2009). In summary, although 
mortality composting is not currently allowed in the EU, there seems to be no scientific 
evidence to suggest that compost derived from pig and poultry carcasses should be 
subject to any greater legislative restrictions than compost derived from municipal food 
waste. 
 
 Table 2. Grading of the environmental impacts of methods used throughout the world for disposal of routine livestock mortalities; assuming best practice. 
Method 
 
Environmental impacts 
Odour Greenhouse gas emission 
 
Pollution and contamination of: 
 
Land-spreading 
of waste produced 
Air Soil and vegetation Water 
Burial *** **** 
 
***** ** *** 
 
N/A 
Burning * MRN MRN MRN MRN MRN 
Incineration (on-farm) a **** ** **** b **** b **** b MRN 
Incineration (large central facility) ***** ** *** b *** b **** b MRN 
Rendering *** **** MRN ***** *** MRN 
Composting (unlined) **** **** MRN *** MRN **** 
Anaerobic digestion **** ***** ***** MRN MRN **** 
Alkaline hydrolysis *** MRN MRN **** *** *** 
* Very poor; ** Poor; *** Moderate; **** Good; ***** Very good; MRN More research needed; N/A Not applicable 
a Assumes conformation to ABPR (1774/2002) specifications e.g. use of afterburners 
b Omits handling and storing phase of carcasses pre-incineration which may constitute potential environmental risks (Section 2.3)  
 
 
 2.6. Anaerobic digestion 
Anaerobic digestion (AD) (also termed biodigestion) of dead livestock is not 
permitted within current EU legislation without prior treatment of the carcass, e.g. 
rendering (Anon, 2002); however the technique is increasingly utilised in other countries. 
AD involves the degradation of organic material under anaerobic conditions to produce 
methane (biogas), which can be utilised as a fuel source (Ward et al., 2008). Other end 
products include liquid and solid fertilisers (digestate). Digesters can vary in size and 
technology according to needs and location: on-farm systems can be as simple as a 
plastic-covered trench covered with a pipe leading to a storage tank as used in some 
developing countries or large commercial technical plants available for treating large 
waste volumes (CAST, 2008b). AD of carcasses can take place at psychrophilic (<20 
°C), mesophilic (20 to 45 °C) and thermophilic (45 to 60 °C) temperatures for different 
durations (Cantrell et al., 2008). The time–temperature combination affects the physico-
chemical conditions within the system and hence the survival of pathogenic agents. 
Biodigestion seemingly offers one of the most promising technologies to deal with 
livestock mortalities, particularly due to the potential of co-digesting of carcasses with 
other farmyard waste such as manure or slurry. For example, Masse et al. (2008) 
investigated the addition of ground swine carcasses to swine manure slurry using 
psychrophilic AD and found no reduction in efficiency.  
Some studies on the AD of wastewater biosolids and swine manure report varying 
levels of success at pathogen removal. For instance, Viau and Peccia (2009) found 
mesophilic AD combined with composting of wastewater biosolids failed to eradicate 
Legionella pneumophila in half of digestate samples. Likewise, Côté et al. (2006) found 
that although Salmonella, Cryptosporidium and Giardia were removed during AD, 
indigenous faecal indicators such as total coliforms had persisted in just over half of 
samples, although at significantly reduced levels. Nevertheless, there is a plethora of 
evidence that shows AD can eliminate a range of pathogenic viruses and bacteria from a 
range of waste matrices (Sahlström et al., 2003; Viau and Peccia, 2009; Ward et al., 
2008). Further, it is also common to include a secondary heat treatment process (e.g. 
composting or pasteurisation) and a minimum storage period at the end of the process 
for the digestate as additional measures to inactivate pathogenic organisms (Sahlström, 
2003). Grinding waste to smaller particle sizes prior to AD has also been shown to 
improve sterilisation as it increases the surface area subject to treatment and increases 
the rate of subsequent carcass breakdown (Paavola et al., 2006). 
 TSEs are not destroyed at the operational temperatures of AD and have been 
shown to remain intact through biodigestion of biosolids (Hinckley et al., 2008). 
Therefore, if infected carcasses are anaerobically digested, digestate potentially 
contaminated with TSEs could remain in the digester (Adkin et al., 2010; Hinckley et al., 
2008; NABC, 2004); necessitating heat-treating post-digestion as per the EU regulations 
(Anon, 2002; DEFRA, 2008d). As with composting though, concerns regarding 
persistence of prions during AD are somewhat irrelevant in terms of pigs and poultry 
carcasses. In environmental terms, AD is evidently the optimal method of carcass 
disposal as it yields a low-carbon source of power from a waste product. However, if 
additional treatment of carcasses (e.g. secondary heat treatment) is needed to satisfy 
biosecurity concerns, this may decrease its environmental credentials. 
Coupled with the initial capital costs, the potential technical difficulties may prove to 
be inhibitory to the uptake of AD as a method of on-farm disposal of livestock mortalities 
(Chen and Huang, 2006). However, the ability for AD to produce bio-energy makes this 
an important livestock disposal option given current climate change concerns. Indeed, in 
the event that existing digesters can be adapted to degrade carcasses mixed with slurry 
or manure, this method of livestock disposal could prove to be both environmentally 
sound and economically appealing given the increasing financial incentives for 
production of bio-energy. 
 
2.7. Alkaline hydrolysis 
Alkaline hydrolysis was developed in the 1990s and is hence a relatively new 
technology. It uses sodium hydroxide or potassium hydroxide to catalyse the hydrolysis 
of biological material (e.g. carcasses) into a sterile aqueous solution consisting of 
peptides, amino acids, sugars, and soaps (Kaye et al., 1998; NABC, 2004). Carcasses 
are placed in a steel alloy container to which the alkali is added in either solid or solution 
form, the concentration of which depends on the weight of the carcass material. The 
container is then sealed and the process run at 150 °C for up to six hours and at high 
pressure in order to significantly accelerate the process (EC SSC, 2003b).  
Whilst it is reported that there are few gaseous emissions and associated odour 
problems from alkaline hydrolysis, the effluent is highly alkaline and very rich in nutrients 
which could pose a problem when discharging the effluent to wastewater treatment 
systems (NABC, 2004). Indeed, effluent is not currently allowed to be discharged to 
sewers in the EU without prior treatment so as to prevent the solidification of hydrolysate 
 (EC SSC, 2003b). However, the process has been used with poultry carcasses to 
produce a fertiliser which can be land-spread (CAST, 2008a). Indeed, the use of the 
product of alkaline hydrolysis is regarded to be a highly valuable and effective fertiliser, 
with soil neutralising properties (Gousterova et al., 2008). Alkaline digestion (i.e. alkaline 
hydrolysis without heating) can also be used as a preservative and the resulting poultry 
meal has been used effectively as a feed (CAST, 2008a); however, in the EU, feeding 
animals with protein from the same species is prohibited (Anon, 2002). 
The combination of high pH (typically ca. 14) and a period of sustained elevated 
pressure and temperature facilitate highly effective eradication of pathogens and prions 
(Neyens et al., 2003; Murphy et al., 2009). The EC SSC (2003b) approved this method 
for the treatment of TSE-infected material provided that the risk of TSE infectivity was 
excluded from residues. Alkaline hydrolysis is also one of the preferred options of 
disposal of poultry infected with Avian Influenza H5N1 (Pollard et al., 2008). 
Further, recent papers state that it compares favourably in economic terms to other 
disposal methods for animal by-products (Gousterova et al., 2008); which is especially 
true for centralised, large-scale or intensive livestock production systems. Alkaline 
hydrolysis may therefore be increasingly at the forefront of methods used to dispose of 
livestock carcasses both within and outside of the EU.  
 
3. The future of livestock mortality disposal 
3.1. Novel disposal methods 
Novel methods of livestock disposal are briefly summarised in Table 3. These have 
not been discussed thoroughly in the text as they are currently unlikely to be 
economically viable for most farmers or considered to be environmentally safe and 
biosecure for the foreseeable future. Further work will be needed on these aspects if 
they are to be developed and utilised on a commercial scale and more importantly if they 
are to gain legislative acceptance.   
 Table 3. The environmental, health and biosecurity aspects of alternative methods for disposal of routine* and large numbers+ of livestock mortalities.  
Method Environmental and health aspects Biosecurity aspects References 
Hydrolysis+ 
Indirect steam application to a 
bioreactor where the material is 
treated at 180°C/40’/12 bar. 
Produces a biofuel. Not deemed suitable for TSE-infected material. EC SSC (2003a) 
Cantrell et al. (2008)  
Gasification+ 
Uses high temperature 
combustion in excess oxygen to 
oxidise organic matter. 
Production of NO2, SO2 & CO gases, VOCs, 
PAHs, dioxins and furans and particulate 
matter including ash. 
Less air emissions released than standard 
incineration. 
Not deemed suitable for TSE-infected material. 
Preferred option in the disposal of Avian 
Influenza Virus H5N1. 
Hetland and Lynum 
(2001) 
EC SSC (2003a) 
Cantrell et al. (2008) 
Pollard et al. (2008) 
CAST (2008a) 
Thermal depolymerisation+ 
Uses high heat and pressure to 
convert organic matter into a 
biofuel. 
Produces re-useable combustible gas and a 
biofuel. 
Waste minerals to be used as fertiliser. 
 
Expected to destroy prions and pathogens as the 
process destroys organic matter at the molecular 
level. Carcasses pre-processed on-farm and 
transported in sealed containers, improving 
biosecurity. 
NABC (2004) 
Plasma arc process+ 
High heat torch used to vitrify or 
gasify material into a reduced 
volume solid. 
Remaining solids can be land-filled or used as 
gravel, moulded into bricks or used as 
concrete aggregate.  
Methane produced contributes to global 
warming if not captured. 
Expected to destroy prions and pathogens. 
Carcasses pre-processed on-farm and 
transported in sealed containers, improving 
biosecurity. 
Hetland and Lynum  
(2001) 
NABC (2004) 
Ocean disposal*+ 
Dumping of carcasses beyond 
territorial limits. 
Additional nutrient loading at dumping sites. 
Would need to prevent floating debris. 
More research needed. 
Potential spread of parasites and pathogens, 
although likely to be diluted and have limited 
survival. 
NABC (2004) 
Napalm*+ 
Use of fast-burning napalm to 
replace burning pyres. 
Burning would produce emissions to air, ash 
and contamination of soil and groundwater. 
Health issue when using and handling napalm. 
Expected to destroy pathogens although no 
conclusive information currently available. 
NABC (2004) 
Pyrolysis+ 
Use of electromagnetic waves to 
heat organic material – not yet 
tested on carcasses. 
Reported to reduce emissions and 
hydrocarbons; low energy requirements.  
Only small amounts of waste produced. 
Expected to destroy TSEs and pathogens, 
although no conclusive information currently 
available. 
Hetland and Lynum 
(2001) 
NABC (2004) 
 Cantrell et al. (2008) 
 Natural exposure* 
Use of natural processes and 
predators to remove carcasses. 
Many potential environmental and health 
implications. Only an option in scarcely 
populated areas.  
Potential spread of parasites and pathogens. Anon (2007) 
Stanford and Sexton 
(2006) 
 
Extrusion+ 
Use of friction to grind and ‘cook’ 
poultry carcasses. Moisture 
removal and the addition of a dry 
ingredient turns waste carcass 
into feed. 
Unknown.  
Possibly harmful if process is unregulated and 
contaminated feed is fed to livestock animals.  
No information on TSEs; though elimination of 
pathogens. 
Possibly harmful if process is unregulated and 
contaminated feed is fed to livestock animals. 
Blake (2004) 
 
 3.2. Carcass storage and bioreduction methods 
Carcasses may also be stored on-site prior to disposal. The main advantage of 
storing carcasses is that farmers can wait until it is economically viable and convenient 
to organise their disposal, and in some cases the volume of livestock can be decreased 
therefore reducing disposal costs. A summary of storage methods is provided in Table 4, 
although the two most likely to be appealing and practical for farmers, bioreduction and 
freezer storage, are discussed briefly here.  
Bioreduction is a method which simultaneously permits storage and reduction in 
the volume of carcasses. Briefly, carcass material is placed in a watertight vessel, where 
the contents are heated (to 40 ± 2 °C) and actively aerated with a pump. In contrast to 
in-vessel composting or AD, the process relies on an aqueous environment to promote 
microbial degradation of organic material. To facilitate this, vessels are two–thirds filled 
with water prior to carcass addition. During storage, the putrescible carcass material 
liquefies, facilitating liquid phase disposal; and a reduction in volume occurs due to 
evaporation through an air vent (Williams et al., 2009). Heating encourages microbial 
replication, whilst regular aeration facilitates eradication of zoonotic gut pathogens due 
to them predominantly being facultative anaerobes. Work on bioreduction so far has 
focussed on sheep mortalities, but anaerobic bioreduction has been studied on pig and 
rabbit farms in Spain (Lobera et al., 2007a, 2007b). It is analogous to aerobic 
bioreduction but without a direct input of air, but differs to AD as the system is not fully 
sealed since the aim is not to produce (or capture) methane for bio-energy production. 
Results to date have shown bioreduction to be highly effective with regards to the rate of 
carcass breakdown (Williams et al., 2009). Once full, the liquid portion of the vessels is 
emptied via vacuum suction and is subsequently incinerated or rendered. However, as 
the volume of waste is considerably reduced, it must only be disposed of intermittently; 
which may alleviate biosecurity concerns associated with collecting vehicles frequently 
accessing different livestock holdings (Williams et al., 2009).  
Bioreduction has been shown to reduce survival of pathogens; including 
Salmonellae, E. coli and E. coli O157, Clostridium and Campylobacter, and parvovirus 
(Lobera et al., 2007a, 2007b Williams et al., 2009; Gwyther et al., 2012). A 
comprehensive field trial has also shown this decrease to be evident when the 
bioreduction system is not managed under optimal conditions (e.g. when the air and 
heat input is switched off) (Gwyther et al., unpublished).  
 The potential for TSEs to persist within a bioreduction system and the risk of 
subsequent propagation was recently evaluated in a systematic review (Adkin et al., 
2010). It was concluded that microbial processes and enzymatic breakdown of proteins 
(proteolysis) was likely to lead to the degradation of TSEs. However, prions have been 
shown to be resistant to proteases and the mesophilic temperatures within the vessels 
are not sufficiently high to deactivate the protein. As a result, it is possible that a 
proportion of prions would adhere to the solid component of the waste material and 
settle to the bottom of the vessel, where they could remain in a infective state (Adkin et 
al., 2010). Nevertheless, the assessment concluded that the risk of TSE agents being 
dissipated through gaseous emissions via the air vent were negligible (a 1 in 1 × 1012 
probability over a one year period), and their exit via aerosols through the opening hatch 
during operational procedures was only of slightly greater concern (Adkin et al., 2010).  
Should prion and pathogen destruction within the liquor is proved, it is possible that 
alternative methods of disposal can be utilised for the liquor, such as treatment via lime 
stabilisation (Avery et al., 2009) or co-composting followed by land-spreading in suitable 
areas. This may reduce biosecurity fears due to the containment of the entire process 
on-farm and would also include the added benefit of closing the nutrient cycle. Field 
trials have also shown that odour may be alleviated through the use of a woodchip 
biofilter (Gwyther et al., unpublished). Studies to date indicate that bioreduction offers 
real potential as an effective on-farm storage system for livestock carcasses; however a 
positive change is required in the regulatory EU framework so that it can be considered 
by industry.     
Freezing of mortalities retards the rate of decomposition by lowering the core 
temperature of the carcasses (NABC, 2004). Depending on the volumes of mortalities, 
facilities can be as simple as using chest freezers or loading carcasses into cold storage 
until disposal is required (NABC, 2004). As with bioreduction, its appeal arises due to the 
reduced need for off-farm transportation of small volumes of carcasses and hence 
improved levels of biosecurity. In contrast to bioreduction however, the volume of waste 
does not decrease during freezer storage and therefore it is only likely to be suitable for 
farms that generate small quantities of mortalities (e.g. <50 kg per day (Blake, 2004)). 
Freezing is probably most applicable to poultry (Blake, 2004) and pig (CAST, 2008b) 
enterprises; however, it has also been used effectively to store larger species as a 
contingency prior to disposal during disease outbreaks such as FMD and BSE (de Klerk, 
2002; NABC, 2004).  
 The cold storage of carcasses is not meant to destroy pathogens and infective 
agents, but rather to prevent their proliferation and reduce further carcass decay whilst 
storing for bulk disposal (CAST, 2008b). Prions are known to remain viable after freezing 
for considerable lengths of time (Stamp, 1967); and zoonotic pathogens such as 
Campylobacter (Maziero and de Oliveira, 2010), Salmonella (Escartin et al., 2000), E. 
coli O157 (Dykes, 2000) and Cryptosporidium (Olson et al., 1999) have been detected in 
frozen matrices (meat and animal waste), albeit at significantly decreased numbers. 
Indeed, freezing is used as a pre-treatment method for reducing Campylobacter sp. in 
broiler chickens (Loretz et al., 2010). For non-ruminant carcasses where TSEs are not of 
concern, freezer storage prior to ultimate disposal may therefore actually yield 
unexplored benefits in terms of biosecurity.  
Environmental costs are inevitable when a constant use of electricity is required, as 
there is for freezing. However, energy-efficient freezers are increasingly available and 
the potential GHG savings made by reducing the transport of carcasses may 
compensate for this energy expenditure. As with bioreduction, a detailed life-cycle 
assessment for a number of case-study farm scenarios is needed to identify the potential 
cost-benefits to the environment. Another environmental factor related to freezing is the 
potential for spills to occur when loading carcasses into cold storage containers (NABC, 
2004). Effective handling areas and the ability to sanitize such facilities must therefore 
be implemented if freezing is to be a successful on-farm method of pre-disposal storage.  
 
 Table 4. The environmental, health and biosecurity aspects of alternative methods for storage of both routine* and large numbers+ of livestock mortalities. 
Method Environmental and health aspects Biosecurity aspects References 
Bioreduction* 
Carcasses stored in a vessel containing water, 
where the contents are heated and aerated. Used 
for volume reduction prior to disposal 
Stored in watertight containers therefore no 
environmental impact from leakage or seepage 
expected. GHG emissions being investigated. 
 
Reduced number of on-farm collections. 
Bioaerosol generation and pathogen survival 
being investigated. 
Williams et al. (2009) 
Freezing*+ 
Storage of carcasses on-farm and transported in a 
refrigerated unit in larger quantities.  
Stored in sealed containers so little 
environmental impact. 
Energy consumption needs to be balanced 
against transport savings made. 
Pathogen eradication unlikely; however 
carcasses can be stored in sealed units to 
reduce chance of propagation.  
NABC (2004)  
Blake (2004) 
CAST (2008a) 
Lactic acid fermentation+ 
‘Pickling’ of animal carcasses when inoculated with 
Lactobacillus acidophilus and a carbon source in an 
anaerobic environment at ~30°C. Carcasses must 
be ground first. 
Fermentation may not complete if putrefaction is 
allowed to start before carcasses are fermented. 
If the rendered material is turned into feed then it 
may contain toxic amines.  
Process is sealed so little environmental threat 
expected. 
Low pH (optimum 4.5) and heat treatment 
(~30°C) should deactivate most pathogens. 
Rendering should complete the process. 
No information on TSE persistence. 
NABC (2004) 
Blake (2004) 
CAST (2008a) 
Grinding & storing*+ 
Grinding of carcasses and storage in chemicals (e.g. 
inorganic acid) or heat-treatment in sealed units.  
Storage in sealed containers should have little 
environmental impact unless preservative is spilt 
a. 
 
Grinding speeds up decomposition therefore 
waste needs quick disposal, unless preserved. 
Grinding may improve subsequent eradication of 
pathogens; however may constitute a risk at 
times of disease outbreaks (e.g. avian influenza). 
Lo et al. (1993) 
NABC (2004) 
CAST (2008a) 
CAST (2008b) 
Cai et al. (1995) 
Yeast fermentation+ 
Similar to lactic acid fermentation. Ground carcasses 
added to an agitated tank with a Carbon source and 
yeast inoculant. Kept at ca. 26-29°C. 
Unknown. Some pathogens shown to recover 12 h and 48 
h post-inoculation. 
Blake (2004) 
 
 4. Conclusions 
There are many disposal options for dead livestock currently in use throughout the 
world; however, the knowledge that TSEs and some pathogens may not be completely 
destroyed may limit their utility in the wake of changing legislation. On-farm disposal 
methods are favoured by the farming community due to the perceived environmental, 
practical, economical and biosecurity benefits, therefore processes such as composting 
and AD have found favour in countries such as the USA and Canada. Under the ABPR 
in the EU, these options are not deemed safe; however, the legal alternatives are not 
favoured by the farming community, leading to widespread non-compliance and 
potentially greater environmental risk (due to illegal dumping, etc. (Kirby et al., 2010)). 
There is therefore a real need for new methods to be developed and validated and the 
legislation reconsidered following submission of new evidence. From this perspective, 
bioreduction seems to be a promising on-farm storage method for livestock mortalities, 
limiting the need for off-farm transport thus reducing associated biosecurity risks.  
While the implementation of highly precautionary, risk-averse mortality disposal 
systems is admirable in many ways, similar risk assessments and legislation do not 
apply to other components of the livestock sector which may pose a similar or even 
greater risk to human health or environmental contamination (e.g. spreading of animal 
waste, animal access to watercourses, public access to grazing land). It is important 
therefore that mortality disposal systems are based on a realistic and proportionate level 
of acceptable risk in comparison to other components of the food chain, rather than the 
current zero-risk approach. This review has used a simple five-star award system to 
rudimentarily classify various biosecurity and environmental factors of disposal options, 
based on current scientific evidence (Tables 1 and 2). The review has also highlighted 
the methods in need of greater research where there is currently either limited or no 
existing published literature. Further research into the economic impacts of dead 
livestock disposal is necessary for legislators to appreciate the cost implications on the 
livestock sector, whilst life-cycle assessments are needed to help provide more 
environmentally sustainable disposal solutions.  
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Abstract.  
In Atlantic Canada, approximately 8000 tonnes of Specific Risk Materials (SRM) is produced 
annually. Composting offers a means to partially treat and stabilize SRM. In this project, different 
types of agricultural residuals and wastes were used to compost with SRM in a pilot scale. The 
results were discussed based on the change in total carbon and nitrogen, pH, temperature, moisture 
content and electrical conductivity, which were measured at regular intervals over the study. The 
temperature for all treatments met the CCME pathogen control guideline. The maturity test showed 
that the CO2-C in all the compost was less than 1 mg/g organic matter/day. Straw and other 
agricultural wastes performed well in the composting SRM, other advantages includes greater 
availability, lower cost and more easily decomposed carbon compounds. 
 
Keywords. Bovine Spongiform Encephalopathy; Specified Risk Materials; Wheat Straw and 
Sawdust; Total Carbon; Total Nitrogen; Composting 
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Introduction 
Canada had a $2.2 billion annual beef export market, mostly to the U.S., Japan, South Korea 
and Mexico. However, a significant decline in beef exports occurred with the first positive Bovine 
Spongiform Encephalopathy (BSE) test in 2003. BSE is a fatal disease detected in cattle which 
can affect humans through the food chain. After the first BSE case was confirmed in Alberta in 
2003, U.S and other countries closed their borders to shipments of Canadian live cattle and 
beef products. The beef industry in Canada realized a $5.3 billion drop in revenue by the end of 
2004 (Statistic Canada, 2003; Statistic Canada, 2006). In Nova Scotia, the number of cattle—
beef and dairy— has declined from 105 thousand head in 2003 to 83 thousand head as of July 
1, 2010, which is a 21% reduction. The number of farmers has also dropped from 1400 to 700 
(Forge and Fréchette, 2005; Statistics Canada, 2010). In order to eliminate the potential spread 
of BSE, the Canadian Food Inspection Agency (CFIA) instituted new regulations for the disposal 
of Specified Risk Materials (SRM), which are challenging beef producers and slaughterhouse 
facilities in Nova Scotia. SRM is defined as tissues such as skull, brain, trigeminal ganglia, eyes, 
tonsils, spinal cord, and dorsal root ganglia from the BSE-infected cows, bovine over 24 months 
of age, and the distal ilea of cattle of all ages (Health Canada 2003; CFIA, 2007; CFIA, 2009). 
Several disposal methods, such as high temperature incineration, landfilling and rendering are 
not acceptable in Nova Scotia due to provincial legislation and economic and environmental 
concerns (NSEA, 2006; CFIA, 2007). Composting of SRM and its subsequent use as a 
landscaping soil amendment, may be a viable containment option for producers and 
slaughterhouse facilities. The composting process reduces the risk of spreading conventional 
viruses and pathogens and generates a stabilized organic product which can be used as an 
amendment to help improve soil quality and fertility (Bernal et al., 2009). Composting is not a 
new technology but it is now gaining interest as a good option for the management and 
containment of SRM. Therefore, information on SRM composting is required.  
SRM is a significant source of nitrogen, requiring carbon amendments to sustain the 
degradation of the SRM tissues. This property is usually described as the carbon to nitrogen 
ratio (C:N) of the compost mixture. The optimum initial C:N for composting is usually considered 
to be in a range between 25–30 (Rynk, 1992; Dougherty, 1999; Zhu, 2007). Due to 
characteristic differences in feedstock, carbon sources with the same C:N may have different 
influences on the composting process. The organic component in different carbon sources, such 
as lignin and hemicellulose will lead to different rates of biodegradability (Tuomela et al., 2000). 
The aim of this project was to study the influence of carbon composition on the composting 
process by examining the decomposition dynamics of composting SRM with different carbon 
sources. In addition, this information will provide specific operational parameters for effective 
composting of SRM on a pilot scale and deliver research–based recommendations of SRM 
composting for future study. 
Materials and Methods 
Study site 
The study was initiated on July 29, 2009 and finished on June 17, 2010. Sixteen roofed three-
sided compost bins on a concrete base, measuring 4 m × 2.4 m × 3 m, were established at the 
Bio-Environmental Engineering Centre (BEEC), Nova Scotia Agricultural College, Bible Hill, NS, 
Canada (45°23’ N, 63°14’ W).  
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Composting Feedstocks 
Hay and sheep manure were acquired from the NSAC farm and fresh wheat straw and fresh 
horse bedding were bought from a local farm to be incorporated in the SRM compost recipe. 
SRM was obtained from an abattoir in Brookside, NS, and the NS Pathology Laboratory, Truro, 
NS. A mature wheat straw-SRM compost was obtained from a previous composting study 
conducted in 2008. 
 
Recipe Preparation 
The moisture content of the straw, horse bedding, sheep manure and SRM compost and hay 
was measured before the experiment. Samples of the original material were weighed fresh and 
dried at 70˚C for 48 hours to calculate the moisture content. Total carbon and nitrogen of straw, 
and hay was measured using a LECO 2000 CN analyzer (LECO Corporation, St. Joseph, MI). 
Moisture content and chemical parameters of slaughterhouse wastes were obtained from the 
literature (Rynk, 1992). The chemical characteristics of the raw composting materials are listed 
in Table 1. Recipes (Tables 2, 3, 4 and 5) were developed to calculate a target C:N of 30 for 
each treatment (Rynk, 1992). 
 
Experimental Design 
The study was set up in a Completely Randomized Design with four treatments (fresh wheat 
straw, horse bedding, horse bedding/sheep manure, and horse bedding/mature wheat straw-
SRM compost). Each treatment had four replications. The composting materials for each 
replicate were weighed, ground and mixed by a Supreme Enviro Processor 400 compost 
grinder attached with a scale and randomly assigned a compost bin. Four samples were 
collected randomly from different locations in each pile, resulting in a 9 kg mass loss in each 
pile. For each replicate, the carbon source was first added to the grinder to be fully ground, 
followed by the loading of SRM. Selective SRM pieces were assigned to each treatment to 
make sure each pile contained equal and similar SRM. Water was added to the initial mixture to 
attain a moisture content of 60%. In order to reduce odours and vector migration, a layer of 
sawdust over the top of a horticultural shade cloth was used as a biofilter cap once the compost 
was loaded into each compost bin.  
Table 1. Characteristics of individual composting feedstocks used in SRM study (Zeng, 2011). 
Ingredient Moisture (%) %C (DWa) %N (DW) 
Straw  37 45 0.4 
Horse Bedding  46 43 0.71 
Horse Bedding  68 32 1.22 
SRM compost  71 38 1.48 
SRM 70 15  3 
a: Dry Weight 
 
 
 
  
 4 
Table 2. Compost recipe for fresh wheat straw-SRM (ST) compost treatment (Zeng, 2011). 
Ingredient MC (%) TS (%) C (%) N (%) C:N Ratio 
Mass 
(lb) 
Straw 0.37 0.63 0.45 0.00 108 6 600
SRM 0.70 0.30 0.15 0.03 5 4 400
Hay 0.39 0.61 0.42 0.02 20 1 100
Total C:N 33 
Recipe Moisture 
(%) 49 
 
 
Table 3. Compost recipe for fresh Horse bedding-SRM (HB) compost treatment (Zeng, 2011). 
Ingredient MC (%) TS (%) C (%) N (%) C:N Ratio 
Mass 
(lb) 
HB 0.46 0.54 0.43 0.01 61 8 800
SRM 0.70 0.30 0.15 0.03 5 4 400
Total C:N 31 
Recipe Moisture (%) 54 
 
Table 4. Compost recipe for Horse Bedding/Sheep Manure-SRM (HBSM) compost treatment 
(Zeng, 2011). 
Ingredient MC (%) TS (%) C (%) N (%) C:N Ratio 
Mass 
(lb) 
Straw 0.37 0.63 0.45 0.00 108 2 200
SRM 0.70 0.30 0.15 0.03 5 4 400
sheep manure 0.68 0.32 0.32 0.01 26 6 600
Total C:N 21 
Recipe Moisture 
(%) 64 
 
 
Table 5. Compost recipe for Horse Bedding/mature wheat straw-SRM compost and fresh SRM 
(HBSRMC) compost treatment (Zeng, 2011). 
 
Ingredient MC (%) TS (%) C (%) N (%) C:N Ratio 
Mass 
(lb) 
Straw 0.37 0.63 0.45 0.00 108 2 200
SRM 0.70 0.30 0.15 0.03 5 4 400
SRM compost 0.71 0.29 0.38 0.01 26 6 600
Total C:N 21 
Recipe Moisture (%) 65 
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Monitoring and Sampling 
The compost treatments were turned on days 42, 78, 110 and 286 after initiation of the study to 
provide aeration and mixing. The turning date was determined when the temperature in the pile 
fell to close to ambient conditions. The total weight of each pile was measured at the beginning 
of the study and at every turning, as well as at the end of the study. The entire compost pile for 
each replicate was loaded into the Supreme Enviro Processor 400 and weighed by a scale 
attached to the grinder. A mass reduction of each compost treatment was calculated as the 
difference between the original mass and the mass at each sampling time. The temperature of 
each pile was measured at regular intervals using thermocouples linked to a Campbell Scientific 
CR23X datalogger with an AMT25 multiplexer on a weekly basis. A single probe containing 
three thermocouples placed at one, two and three foot depths were inserted into each pile to 
measure the top, middle (core) and bottom temperatures of the pile. In total, 48 thermocouples 
were used. Temperature data was collected every 15 minutes.  
Samples collected from each period were stored at -10°C until they were prepared for total 
carbon and total nitrogen, moisture content, pH and electrical conductivity (EC) analysis. 
Electrical conductivity and pH were measured as an aqueous extract. This aqueous extract was 
obtained by following the method outlined in the TMECC (USDA and CCREF, 20021; USDA 
and CCREF, 20021). A 10 g fresh compost sample was mechanically shaken with deionized 
water at a solid to water ratio of 1:10 (w/v) for 20 min at room temperature. The suspension was 
filtered and the liquid was measured for pH and EC using an Accumet XL50 dual channel 
pH/Ion/Conductivity meter.  
A maturity test was conducted in June 2010 using samples collected on day 286 of the study. A 
compost respirometry test based on TMECC was used (USDA and CCREF, 20022). Two 25 g 
as-received moist compost subsamples from each bin were collected and a total of 34 1 L 
Mason jars were used (32 for the samples, 2 for the blank). The TMECC method recommends 
adjusting the moisture content to a water holding capacity of 70 to 80%. However, during the 
preparation of the sample, the moisture content was adjusted in error to 75%. The samples 
were pre-incubated at room temperature (approximately 25°C) for 48 hours to allow the 
microorganisms in the compost to adapt. After the pre-incubation, the samples were transferred 
to the Mason jars and incubated in an environmentally controlled chamber at 32°C for 5 days. 
Carbon dioxide evolution was measured by extracting 20 mL of headspace air each day at the 
same time after which the headspace was purged and the jar resealed.  
The organic matter content was measured based on a loss-on-ignition method described in 
TMECC (USDA and CCREF, 2001). Twenty-four (3 sub-samples for each pile) 10 g compost 
samples were oven-dried at 70 over 48 hours until a constant sample weight was achieved. The 
samples were then placed in a muffle furnace. The temperature of furnace was slowly ramped 
to 550°C and the samples were combusted at 550°C for 2 h. After that, the temperature of 
furnace was slowly ramped down to approximately 200°C. The ashed samples were then 
removed from the furnace and transferred to desiccators to cool to ambient laboratory 
temperature. The organic matter content was then calculated based on the weight of dry sample 
and ash.  
The compost was tested for maturity based on CCME guidelines requiring the CO2-C respiration 
of the mature compost to be less than 4 mg/g organic matter/day (CCME, 2005). 
Statistical Analysis 
Data in this study were tested for normality of data distribution and constant variance using 
Minitab v15. Independence was assumed through randomization of treatments. After 
assumptions were validated, analysis of variance (ANOVA) was used to test the significance 
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within the treatment for initial and final pH and EC mean values using Minitab v15. Least 
Squares Means (LSmeans) method was conducted using Proc GLM in SAS v9.2 for means 
comparison if a significant difference was found. Regression analysis was conducted using Proc 
REG to analyze the variables using SAS v9.2 for total carbon and total nitrogen data. A p<0.05 
probability level of significance was used for all the data analysis in this study. 
Results and Discussion 
Temperature Profile  
Figures 1, 2, 3 and 4 show the temperature profiles of the four treatments. The data shown is 
the average of four replicates to show the temperature at three depths for each treatment. The 
trends of temperature at three depths were similar in each treatment which may have been 
affected by the ambient temperatures (Figure 5).  
The temperature increased quickly at the beginning of the composting process and reached 
55°C within 5 days for all treatments, meeting the CCME guidelines for pathogen kill attaining a 
temperature of 55°C or greater for at least 15 days for windrow composting (CCME, 2005). This 
temperature stayed at this level for approximately 20 days before declining in the ST while the 
other three treatments maintained a temperature between 55 to 60°C for 36 days. These 
differences may be explained by the large composition of sawdust in the horse bedding 
substrate which had a small particle size and held the heat generated by microbial activity.  
After the first turning period (day 42), significant temperature increases were recorded in 
most of the treatments. Temperatures increased rapidly to 55°C, with the exception being the 
HB. However, after the second and third turning periods, only the ST treatment had a significant 
temperature increase, likely the result of less available carbon in the three other treatments. 
Despite the fact that temperatures in the ST treatment increased quickly over a short term, they 
dropped quickly after the available carbon sources were consumed.  
During the winter period, the thermocouples were removed due to the low ambient 
temperature. The treatments were turned again in early spring, day 266. However, no 
temperature increases above ambient were observed.
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Figure 1. Daily change of temperature in ST at three depths before the winter period. (  Turning 
point) 
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Figure 2. Daily change of temperature in HB at three depths before the winter period. (  Turning. 
point) 
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Figure 3. Daily change of temperature in HBSM at three depths before the winter period. (  
Turning point) 
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Figure 4. Daily change of temperature in HBSRMC at three depths before the winter period. (  
Turning point) 
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Figure 5. Daily change of ambient temperature before winter period. 
 
 
pH and Electrical Conductivity 
Figure 6 shows the changes in pH of each treatment over the study period. pH data were 
averaged from four replications for each treatment. pH of HB and HBSM stayed at 
approximately 7 during the entire composting process while the value of HBSRMC remained 
between 6 and 7. A significant difference was found in ST between day 1 and day 286. The pH 
of ST started at 5.5 and increased to 6.5 at the end of the composting period. This can be 
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explained by the high microbial activity that occurred due to a sufficient carbon source and the 
presence of water and oxygen, which increases the decomposition rate and raises the pH value 
(Sundberg and Jönsson, 2008; Petric et al., 2009). pH of all the treatments are within the 
optimum composting pH range of 6 to 8. 
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Figure 6. Changes in pH during the composting process for each treatment. 
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Figure 7. Changes in EC during the composting process for each treatment. 
 
The electrical conductivity (EC) data is shown in Figure 7. No differences were observed for the 
EC within ST between day 1 and day 286, as well as HBSM. However, the EC of ST stayed at 
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approximately 4 dS/m or lower at each sampling time while the value of HBSM increased to 
over 5 dS/m at day 42 and day 78 before falling below 5 dS/m during the latter stages of the 
study. This significant increase was also observed in HB, HBSM and HBSRMC by day 42. The 
reason for this may be the high original EC value in the horse bedding and sheep manure, as 
well as decomposition of the organic substances, which release mineral salts such as 
ammonium ions (Abid and Sayadi, 2006). The EC of the finished compost in most of the 
treatments (excepting HBSM) was less than 4 dS/m, which is considered appropriate for plant 
growth.  
Total Carbon and Total Nitrogen   
Total carbon 
During the composting process, the treatments with horse bedding exhibited similar carbon 
decomposition relationships (Figure 8). The regression relationship of each treatment was 
significant (p<0.05). 
ST: TC=48.4042+77.4714* e (-0.0221*day), R2=0.87；  
HB: TC=44.3962+81.0393* e (-0.048*day), R2=0.94；  
HBSM: TC=44.9315+67.4420* e (-0.0482*day), R2=0.93；  
HBSRMC: TC=40.9326+71.5174* e (-0.0502*day), R2=0.94；  
The regression relationships for HB, HBSM and HBSRMC followed the same trend. No 
differences were found among these three treatments. Significant degradation was observed by 
the first turning point (day 42). Approximately 50% of total carbon source was consumed. This is 
caused by the consumption of carbon by the microorganisms for their action and reproduction, 
which was nicely correlated to the high temperature observed during this period. After day 42, 
the degradation of these three treatments started to slow and was reduced to about 10% by day 
78, then reached a stable state. The reason for the low decomposition rate at day 78 can be 
attributed to a lack of available carbon sources in the mixtures. For the straw treatment, the 
degradation of carbon was rapid (28%) by the first turning period but not as great as the three 
horse bedding-based treatments (49.1%). The consumption of available carbon by 
microorganisms increased the temperature after the turning period. 
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Figure 8. Change in total carbon during the composting period for each treatment 
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Total nitrogen 
Total nitrogen content data are shown in Figure 9. During composting, the changes in total 
nitrogen content of the HB, HBSM and HBSRMC treatments were similar. A great loss of total 
nitrogen was found by the first turning point (day 42), from then on, the change of total nitrogen 
became small, reaching a steady state. The regression relations of the three treatments are 
significant (p<0.05). 
ST: TN =2.6, NS  
HB: TN=1.8340+3.7004* e (-0.3836*day), R2=0.79；  
HBSM: TN=2.4071+4.8073* e (-0.6251*day), R2=0.83；  
HBSRMC: TN=1.9863+8.1287* e (-0.7028*day), R2=0.86；  
The loss of total nitrogen in HB, HBSM and HBSRMC was between 20–70%. Nitrogen in 
HB decreased about 22% from day 1 to day 286 while HBSM decreased 50% and HBSRMC 
decreased 66%. The reason for the high nitrogen loss in HBSM and HBSRMC can be due to 
the low initial C:N of these two mixtures. The properties of the initial material, in particular, the 
C:N can affect the degree of nitrogen loss, low initial C:N (<20:1) would contribute to losses of 
nitrogen through NH3 volatilization (Bishop and Godfrey, 1983; Tiquia and Tam, 2000).  
However, no significant difference was found in the change of total nitrogen in ST since the 
initial nitrogen content of ST was much lower than that of the other three treatments to begin 
with. A reason for this may be because the organic nitrogen in SRM was lost with the leachate. 
SRM for ST was held at the field for two days before mixing, maggots were found in the material 
due to the hot weather, which may have released the organic nitrogen and mix into the liquid. 
Only about 10% of total nitrogen loss was found at the end of composting (day 286). 
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Figure 9. Change in total nitrogen during the composting period for each treatment  
 
Total carbon to total nitrogen ratio 
The change in C:N of the four treatments were significantly different (Figure 10). ST had a initial 
C:N of 41:1 which may be due to the lower nitrogen content in the treatment. The value 
decreased continuously to reach a ratio of 18:1 at day 286, reflecting the reduction in total 
 12 
carbon. The initial C:N in HB, HBSM and HBSMRC were 27:1, 21:1 and 18:1, respectively, 
which were much closer to the recipe. The C:N of HB decreased slightly while no significant 
difference was found between the initial and final C:N within the HBSM, as well as HBSRMC. 
No significant differences were observed between the final C:N of the four treatments. 
 
 Composting time (day)
0 50 100 150 200 250 300 350
C
:N
0
10
20
30
40
50
ST 
HB
HBSM
HBSRMC
 
Figure 10. Change in C:N during the composting period for each treatment  
 
 
Maturity Tests 
The maturity tests indicated that the mean daily release of CO2-C in the ST, HB, HBSM and 
HBSRMC treatments was 0.10, 0.13, 0.14 and 0.10 mg CO2-C g-1 organic matter day-1, 
respectively, which all meet the CCME guidelines for mature compost (CCME, 2005). A 75% 
moisture content of the incubation sample may have created anaerobic conditions, however, the 
generation of CH4 also measured during the maturity testing period was low, which indicates 
generally aerobic conditions were still dominant. 
 
Conclusions 
The temperature of all treatments met the CCME pathogen control guideline and significant 
temperature increases were detected in straw treatments shortly after mixing. All of the four 
treatments experienced similar mass reductions. Although ST showed a different pattern of total 
carbon and total nitrogen reduction from the other three treatments, the final products all 
reached a similar state. The maturity test showed the CO2-C in the compost was less than 4 mg 
CO2-C g-1 organic matter d-1 by day 286, which was under the CCME regulation. The results 
suggested that agricultural wastes such as horse bedding and compost can be used as a 
carbon source in the composting of SRM as agricultural residuals. Also, during composting, the 
change in temperature, total carbon and total nitrogen in HBSM and HBSRMC were observed to 
be similar. HBSRMC had a larger loss (19.11%) of dry mass during the winter and spring 
period, compared to HBSM. The final pH and EC of HBSM are higher than HBSRMC, which is 
due to the higher pH and EC of the original sheep manure.  
 
 13 
References 
 
Abid, N. and Sayadi, S. 2006. Detrimental effects of olive mill wastewater on the composting 
process of agricultural wastes. Waste Manage 26: 1099–1107.  
Bernal, M.P., Alburquerque, J.A. and Moral, R. 2009. Composting of animal manures and 
chemical criteria for compost maturity assessment: A review. Biores. Technol. 100: 5444–5453. 
Bishop, P.L. andGodfrey, C. 1983. Nitrogen variations during sludge composting. BioCycle, 24: 
34–39. 
Canadian Council of Ministers of the Environment (CCME). 2005. Guidelines for Compost 
Quality. Available at:  
http://www.ccme.ca/assets/pdf/compostgdlns_1340_e.pdf, verified on February 10, 2009. 
Canadian Food Inspection Agency (CFIA). 2007. SRM Permits. Available at: 
http://www.inspection.gc.ca/english/anima/heasan/disemala/bseesb/enhren/perme.shtml, 
verified on July 29, 2008. 
Canadian Food Inspection Agency (CFIA). 2009. BSE Completed Investigations. Available at:  
http://www.inspection.gc.ca/english/anima/heasan/disemala/bseesb/comenqe.shtml, verified on 
March 10, 2009. 
Dougherty, M. 1999. Field Guide to On–Farm Composting. Natural Resource, Agriculture and 
Engineering Service. NRAES–114. Ithaca, NY. 
Forge, F. and Fréchette, J. 2005. Mad Cow disease and Canada’s cattle industry. Library of 
Parliament PRB 03–01E.  
Available at: http://www2.parl.gc.ca/content/lop/researchpublications/prb0301–e.htm, verified on 
Jan 03, 2011. 
Health Canada. 2003. Food Directorate Policy on Specified Risk Materialsin the food supply. 
Available at 
http://www.hc–sc.gc.ca/fn–an/securit/animal/bse–esb/policy_srm–politique_mrs–eng.php, 
verified on July 29, 2008. 
Nova Scotia Environment Act (NSEA). 2006. Solid waste resource management regulations: 
compostables. Available at:  
http://www.gov.ns.ca/tran/enviroservices/EMS/Chapter3.pdf, verified on Jan 27, 2009. 
Petric, I., Estan, A. S. and Estan, I. S. 2009. Influence of wheat straw addition on composting of 
poultry manure. Process Safety and Environmental Protection 87: 206–212. 
Rynk, R. 1992. On–farm composting handbook. Natural Resource Agricultural Engineering 
Service, Cooperative Extension, Ithaca, New York. 
Statistics Canada. 2003. Mad cow disease and beef trade: An update.  Available at:  
http://www.statcan.gc.ca/pub/11–621–m/11–621–m2004010–eng.htm, verified on Jan 13, 2010.  
Statistics Canada. 2006. Canada's beef industry and BSE. Available at: 
http://www41.statcan.gc.ca/2006/0920/ceb0920_001-eng.htm, verified on Jan 11, 2011. 
Statistics Canada. 2010. Cattle inventories, by province (Nova Scotia).  Available at: 
http://www40.statcan.gc.ca/l01/cst01/prim50d-eng.htm, verified on Jan 4, 2011. 
 14 
Sundberg, C. and Jönsson, H. 2008. Higher pH and faster decomposition in biowaste 
composting by increased aeration. Waste Manage. 28: 518–526. 
Tiquia, S. M. and Tam, N. F. Y. 2000. Fate of nitrogen during composting of chicken litter. 
Environ. Pollut. 110: 535–541. 
Tuomela, M., Vikman, M., Hatakka, A. and Itavaara, M. 2000. Biodegradation of lignin in a 
compost environment: a review. Biores. Technol. 92: 168–183. 
US Department of Agriculture (USDA) and the Composting Council Research and Education 
Foundation (CCREF). 2001. Test Methods for the Examination of Composting and Compost: 
05.07–A  Loss on ignition method. 
US Department of Agriculture (USDA) and the Composting Council Research and Education 
Foundation (CCREF). 20021. Test Methods for the Examination of Composting and Compost: 
04.10 Electrical conductivity for compost.  
US Department of Agriculture (USDA) and the Composting Council Research and Education 
Foundation (CCREF). 20022. Test Methods for the Examination of Composting and Compost: 
04.11 Electrometric pH determinations for compost.  
US Department of Agriculture (USDA) and the Composting Council Research and Education 
Foundation (CCREF). 20023. Test Methods for the Examination of Composting and Compost: 
05.08 Respirometry.  
Zeng, J. 2011. Evaluation of an Aerobic Composting Process for the Management of Specified 
Risk Materials (SRM). M.Sc. Thesis, Dalhousie University-Nova Scotia Agricultural College. 
Zhu, N.W. 2007. Effect of low initial C/N ratio on aerobic composting of swine manure with rice 
straw. Biores. Technol. 98: 9–13. 
 
4th International Symposium on Managing 
Animal Mortality, Products, By Products and 
Associated Health Risk 
Dearborn, MI May 21-24, 2012 
	
	
Foot	and	Mouth	Disease	Continuity	of	Business	Planning	
for	the	U.S.	Dairy	Industry	
	
Pam	Hillinger	and	Danielle	Bickett‐	Weddle,	Center	for	Food	Security	and	Public	
Health,	Iowa	State	University	–	Presented	by	Pam	Hullinger	
		
If	foot‐and‐mouth	disease	(FMD)	was	detected	in	the	United	States	(U.S.),	a	national	animal	
health	emergency	would	be	declared	and	livestock	and	allied	industries	would	feel	the	
immediate	impacts	of	animal	and	product	movement	restrictions,	animal	quarantines,	
disease	surveillance	activities	to	control	the	disease.	These	control	measures,	while	
necessary	to	contain	the	outbreak,	would	have	impacts	on	the	normal	business	practices	of	
uninfected	livestock	producers	in	affected	regions,	and	potentially	disrupt	interstate	
commerce.	One	significantly	impacted	sector	would	be	the	U.S.	dairy	industry	whose	
operations	rely	upon	daily	animal,	product	and	other	supportive	movements,	and	do	not	
have	the	capacity	to	store	milk	for	more	than	24‐48	hours.	The	challenge	of	controlling	and	
eliminating	FMD	while	at	the	same	time	maintaining	the	long	term	viability	of	the	U.S.	dairy	
industry,	represents	a	complex	and	multifaceted	challenge.	A	collaborative	effort	between	
the	dairy	industry,	academia,	and	state	and	federal	personnel	is	focused	on	preparedness	
initiatives	and	pre‐event	emergency	management	planning.	The	'Secure	Milk	Supply'	(SMS)	
Plan	and	its	initial	goal	is	to	develop	agreed	upon	processes	and	procedures	to	pick	up,	
transport,	and	pasteurize	milk	from	uninfected	farms	in	FMD	regulatory	control	areas	thus	
helping	to	maintain	business	continuity	for	dairy	producers,	haulers,	and	processors.	This	
presentation	will	describe	the	current	approach	to	FMD	control	in	the	U.S.,	issues	of	special	
relevance	to	the	dairy	industry	and	the	progress	and	planned	future	directions	of	the	USDA	
sponsored	SMS	Plan.	Visit	www.securemilksupply.org	to	learn	more	about	the	project.	
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Introduction  
In the event FMD is diagnosed in the United States, a national animal health emergency will be 
declared and livestock and allied industries will feel the immediate impact of animal and animal 
product quarantine and movement restrictions. Quarantine, managed movement and mandatory 
biosecurity protocols are designed to contain and control the disease and minimize virus spread. 
In the dairy industry, the just-in-time supply practices of milk movement in the U.S. could be 
significantly impacted by managed movement and the need for additional biosecurity at farms 
and processing facilities.  This could lead to a disruption of the provision of milk and milk 
products to consumers.  Additionally, there could be significant milk disposal and animal welfare 
issues on dairies.  Most dairy operations and processing plants do not have the capacity to store 
milk for more than 48 hours; some have less than 24 hours storage capacity.  Hence, pre-
planning for safe, timely, risk-based, permitted movement of animals and animal products will 
be critical to maintaining the business continuity of the dairy industry while controlling and 
containing the outbreak. 
 
Goals 
The overall goals of the national Secure Milk Supply (SMS) Plan are to maintain business 
continuity for dairy producers and processors during an FMD outbreak, to minimize disease 
spread, and to assure a continuous supply of milk and milk products to consumers. The specific 
aims of the SMS Plan are to:  
• Engage stakeholders in the planning process for an FMD response, 
• Develop and socialize tools and guidance documents that support business continuity 
within the dairy industry, and 
• Ensure that producers, processors, federal and state agency personnel agree the proposed 
guidelines are feasible, implementable, and effectively enable critical movements of 
animals and animal products with minimal risk of further FMDv spread during an 
outbreak response.   
 
Initial Project Focus – Raw milk movement from farm to commercial processing (Figure 1) 
• Develop pre-event, agreed upon national biosecurity performance standards (for dairy 
premises, milk haulers, and processing plants) that support raw milk movement from 
farms not known to be infected with FMD virus to commercial processing without risk of 
disease spread.  These enhanced biosecurity measures should be rapidly implementable 
during an FMD outbreak response. 
• Develop consensus decision support guidance and tools to facilitate timely permitting and 
movement of raw milk from farms not known to be infected in the FMD Control Area.  
Encourage the development of a robust, scalable information management infrastructure 
to support the permitting needs of an incident.  This includes the timely availability 
(ideally pre-event) of livestock and premises data to populate the permitting system. 
• Conduct a proactive risk assessment for the transport of raw milk from the dairy farm to 
the processing plant that considers existing production practices with subsequent 
evaluation of proposed biosecurity mitigation procedures.  
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• Socialize the national SMS Plan components with states and regions; collaborate to 
further define expectations and local resources to meet the national standards accounting 
for the unique aspects and needs of the dairy industry throughout the U.S. 
 
Establishing Biosecurity Performance Standards 
Industry, academia, state and federal government personnel are developing pre-event, consensus 
national biosecurity performance standards for dairy premises, milk haulers, and processing 
plants to implement during an FMD outbreak. Compliance with these performance standards is 
intended to significantly reduce the chance of spreading FMD virus while increasing the chance 
of timely permitting of raw milk from dairy premises (not known to be infected with FMD) in a 
Control Area to processing where it can be pasteurized for commercial consumption. The dairy 
industry and State Animal Health Officials are encouraged to engage each other to develop pre-
event, agreed upon standard operating procedures that meet each of the national performance 
standards and account for the unique nature of the local climate and the dairy industry practices 
throughout the U.S.  
Development of Standard Operating Procedures (SOPs) 
Given the diverse nature of the dairy industry in the U.S., the national SMS Partners recognize 
that local/regional knowledge and resources are essential to successful local/regional emergency 
response planning.  Industry and animal health authorities within states/regions are encouraged 
to take each Biosecurity Performance Standard and develop a more detailed description of what 
will be effective, achievable and feasible in a given state or region.  These SOPs should be 
reviewed and accepted by local/regional decision makers who will provide leadership and 
oversight to the Incident Command.  Ideally they could be incorporated into existing response 
plans.  To aid planning, the national SMS partners have developed Biosecurity Performance 
Standards and listed specific “factors for consideration” that require further pre-event 
communication, coordination and planning on a more local/regional level prior to an actual 
event.  
Decision Support Tools (phases and types, matrix) 
As an aid to timely decision making at the onset of an FMD outbreak, a proposed framework for 
classification of an outbreak response based on the phase (time course of the event) and type 
(scale or magnitude of the event) has been developed to facilitate response planning.  As the 
nature and priorities of a response change over time, planning that considers specific aspects 
associated with the outbreak may be more meaningful.  
 
Draft Recommendations 
A set of recommendations (and supporting scientific justification and rationale) pertaining to raw 
milk handling and processing has been drafted for pre-event review, discussion, and ideally 
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agreement with incorporation into local/regional/national response plans.  Pre-outbreak 
discussion and agreement on issues will greatly enhance timely decision making, response and 
the implementation of continuity of business plans. 
Conducting a Proactive Risk Assessment  
 
Risk assessments are needed to support managed movement and permitting of animals and 
animal products during disease outbreaks. As part of the SMS Plan, proactive risk assessments 
are being conducted to evaluate the risk that the movement of animal products and other 
commodities poses to the spread of FMD during an outbreak. The current focus is on the 
transport of raw milk from an FMD infected, but undetected dairy farm to further processing. 
The initial risk assessment considers current Grade A milk production practices and identifies 
pathways by which virus can spread onto or off of a farm via the transport of raw milk to further 
processing. The risk assessment process will conduct subsequent evaluation of the effect of 
proposed mitigation measures on the identified pathways.  
Summary 
The national SMS Plan has made significant strides in the development of a framework and 
support tools to facilitate decision making and timely permitting for raw milk movement during 
an FMD outbreak response.  However, the national proposed biosecurity performance standards 
for raw milk movement to processing still need to be tailored to specific states and regions, 
socialized and agreed upon by those responsible for decision making at that level, and optimally 
incorporated into FMD response plans. 
Raw milk movement is one of a number of critical animal, animal product and ancillary 
movements necessary for a dairy to remain in business and be economically viable (Figure 1).  
Future planning efforts should focus on other priority areas, such as contingency planning for 
dairies which utilize off-site calf rearing.  
If FMD is diagnosed in the U.S., it will be a major animal health emergency and severely impact 
the daily activities and economic viability of all livestock sectors of the U.S. economy.  With 
enhanced contingency planning and clear communications between industry and government 
prior to an outbreak (which provides benefits well beyond just FMD), we can ensure significant 
improvements in the national resiliency of U.S. livestock industries to transboundary animal 
diseases and hence enhance the security of U.S. livestock and food production systems. 
For more information, visit the Secure Milk Supply website at www.securemilksupply.org  
 
SMS Plan Executive Summary 2012 
 
4 
 
Figure 1. Initial focus of the SMS Plan is raw milk movement from farm to commercial processing, 
recognizing there are other critical and ancillary movements on/off dairy operations. 
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Mortality	Composting	Outreach	in	Brasil/Education	Exchange	
By:		Bonhotal	and	Mary	Schwarz,	Cornell	Waste	Management	Institute	
In	August	2010,	two	Brasilian	veterinarians	from	Embrapa	visited	Cornell	University	for	a	hands‐on	
research	working	tour.	Their	goal	was	to	learn	to	work	with	farmers	to	properly	dispose	of		
livestock	mortality	while	reducing	disease		transfer	potential	and	implement	livestock	mortality	
composting	strategies	in	Brasil.	Later	that	year,	CWMI	was	invited	by	Embrapa,	the	Brasilian	
Agricultural	Research	Corporation,	similar	to	our	USDA	ARS,	to	participate	in	the	workshop	on	
“Composting	of	Carcass	and	Residues	from	Ruminant	Production.”	The	4‐day	workshop	included	
presentations,	demonstrations	and	hands‐on	exercises	concerning	the	composting	of	carcasses	and	
butcher	residual,	including	equipment,	substrate	and	carcass	preparation,	pile	building,	parameters	
of	control	and	utilization	of	the	final	product.	Veterinarians	from	different	research	stations	around	
the	country	traveled	and	evaluated	disposal	techniques.	Locations	included	Sobral,	Ceara,	Brasil	at	
Embrapa	Goat	and	Sheep,	as	well	as	in	Juiz	de	Fora,	Minas	Gerais,	Brasil	at	Embrapa	Dairy.	They	
have	developed	an	educational	video	in	Portuguese	to	help	implement	the	practice	with	farmers	
and	are	pursuing	further	research.	The	trained	veterinarians	brought	the	knowledge	back	to	each	of	
the	stations	around	the	country	to	implement	on	site	and	teach	others	to	implement	mortality	
composting	in	the	different	climatic	regions	of	Brasil.	Sanitizing	carcasses	to	control		disease	is	even	
more	important	in	warm	climates.		
Compostagem	de	carcaças	de	bovinos,	ovinos	e	caprinos:	variáveis	microbiológicas	e	da	
composição	do	biofertilizante.		Watch	the	video	below!			
Or	go	to:	http://www.youtube.com/watch?feature=player_embedded&v=ZVu_cwdESsU#!		
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Mortality Composting Outreach in Brasil/Education Exchange 
Jean Bonhotal and Mary Schwarz, Cornell Waste Management Institute 
Cornell University, Bradfield Hall, Ithaca, NY 14853  http://cwmi.css.cornell.edu  
 
Abstract: In August 2010, two Brasilian veterinarians from Embrapa visited 
Cornell University for a hands-on research working tour. Their goal was to 
learn to work with farmers to properly dispose of  livestock mortality while 
reducing disease  transfer potential and implement livestock mortality 
composting strategies in Brasil. Later that year, CWMI was invited by 
Embrapa, the Brasilian Agricultural Research Corporation, similar to our 
USDA ARS, to participate in the workshop on “Composting of Carcass and 
Residues from Ruminant Production.” The 4-day workshop included 
presentations, demonstrations and hands-on exercises concerning the 
composting of carcasses and butcher residual, including equipment, 
substrate and carcass preparation, pile building, parameters of control and 
utilization of the final product. Veterinarians from different research stations 
around the country traveled and evaluated disposal techniques. Locations 
included Sobral, Ceara, Brasil at Embrapa Goat and Sheep, as well as in Juiz 
de Fora, Minas Gerais, Brasil at Embrapa Dairy. They have developed an 
educational video in Portuguese to help implement the practice with farmers 
and are pursuing further research. The trained veterinarians brought the 
knowledge back to each of the stations around the country to implement on 
site and teach others to implement mortality composting in the different 
climatic regions of Brasil. Sanitizing carcasses to control  disease is even more 
important in warm climates.  
Compostagem de carcaças de bovinos, ovinos e caprinos: variáveis 
microbiológicas e da composição do biofertilizante.  Watch the video below!   
Or go to: 
http://www.youtube.com/watch?feature=player_embedded&v=ZVu_cwdESsU#!  
The video was developed by Embrapa over time so Brasilians 
could view and learn in Portuguese. 
Embrapa Dairy,   
windrow composting. 
Beach to Pantenal 
Embrapa Goat and Sheep,  
multiple bin system. 
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Field	Testing	of	Bone	Screening	and	Beneficial	Refuse	of	
Large	Animal	Mortality	Compost	
By:	Robert	Clark,	Virginia	Cooperative	Extension		
In	 recent	 years,	 disposal	 of	 Large	 Animal	 Mortality	 (LAM)	 has	 become	 increasingly	 difficult	 for	
farmers.		Burial,	incineration,	rendering,	and	landfilling	have	become	more	expensive	and,	in	most	
cases,	highly	regulated.		On‐farm	composting	is	a	practical,	economical,	and	environmentally	sound	
way	to	dispose	of	LAM.	 	However,	LAM	composting	has	not	been	adopted	as	rapidly	as	expected.		
One	reason	for	the	delayed	adoption	is	the	lack	of	a	practical	system	for	dealing	with	the	bones	that	
remain	 after	 the	 flesh	 is	 composted.	 	 As	 part	 of	 a	 2011	 USDA	 Conservation	 Innovation	 Grant,	
Virginia	Cooperative	Extension	piloted	a	project	to	screen	the	bones	from	piles	of	composted	LAM	
on	 four	 farms	 in	 the	 Shenandoah	 Valley	 of	 Virginia	 and	 demonstrate	 the	 beneficial	 reuse	 of	 the	
screened	compost	material.	 	An	Orbit	screen	was	used	to	successfully	screen	piles	ranging	from	5	
tons	to	150	tons.		Approximately	320	tons	of	LAM	compost	(400	to	450	cubic	yards)	was	screened	
with	18	hours	of	use	logged	on	the	screening	machine.		The	screened	material	was	then	spread	on	
crop	fields	at	agronomic	rates.		Based	upon	the	preliminary	data,	the	cost	to	screen	the	bones	and	
spread	the	screened	material	is	greater	than	the	fertilizer	value	of	the	nutrients.			
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Field Test Screening and Beneficial Reuse of Large Animal Mortality Compost 
Robert A. Clark, Virginia Cooperative Extension; Robert Peer, Virginia Department of Environmental Quality;  
Alica J. Ketchem, USDA Natural Resource Conservation Service; Greg Evanylo, Virginia Cooperative Extension 
Funding provided by the USDA Natural Resource Conservation Service Conservation Innovation Grant, the Shenandoah RC&D and the  
Virginia State Dairymen Association. 
USDA is an equal opportunity provider & employer. 
Background:  Disposal of large animal mortality (LAM) has become increasingly difficult in recent years. Incineration is      
expensive and a potential source of air pollution. Burial is subject to stringent restrictions and may impair groundwater quality.  
Renderers are no longer accepting cattle mortality due to regulations designed to address concerns about bovine spongiform 
encephalopathy (BSE) (Federal Rule 21 CFR Part 589).  Landfill disposal is costly, capacity is limited, and timing of 
acceptance of mortalities is uncertain. Therefore, a practical, economically and environmentally-sound rapid system for 
properly      disposing of large animal mortality is needed to ensure continued sustainability of livestock farming and protection 
of the     environment in Virginia. A promising alternative to disposal is mortality composting, which can be cost-effective,                   
environmentally-sound, and bio-secure. 
 
However, LAM composting has not been adopted as rapidly as expected.  One reason for slow adoption is the lack of 
knowledge about a practical system for managing bones remaining in LAM compost.  Several Shenandoah Valley farmers 
have successfully composted LAM.  However, on many of these farms there are bones remaining in the finished compost.  
Farmers do not want to spread this compost on their fields because of concerns about the unsightly appearance of the bones 
and a concern the bones might puncture equipment tires.  Experts and practitioners from other states claim they can 
completely compost LAM bones within 18 months of animal death.  However, their claims are not well documented.  Also, 
there are multiple piles of compost in the Shenandoah Valley that are over 18 months old where the bones still remain.  We 
are confident that even if some farmers can successfully compost bones, there will be many situations where the removal or 
destruction of bones using a screen or grinder will be desired and/or needed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1:  Summary of Screen Process and Nutrient Analysis of Screened LAM Compost 
* Density of screened material was measured by weighing multiple samples in a five gallon bucket.  Tonnage was calculated by measuring the 
size of the piles times the density.    
Table 2:  Estimated Plant Available Nutrients of Screened LAM Compost* 
•Available N estimated as:  Year 1 = 10% of the Organic N in year one and 50% of the ammonium N. Year 2 = 5% of the Organic N.  
•Year 3 = 5% of the Organic N.  
Farm #2.  Left :  Screened bones.  Right : Fines (LAM compost with bones screened out) 
Farm #3. Clockwise from upper left:   Screening LAM compost.  Rye growing after compost application.   Fines pile.  Screened bones.  Note that it is 50% fines 
because the material was too wet for efficient screening. 
Farm #1.  Clockwise from upper left:  LAM compost prior to screening.  Note the weeds in the background that covered the pile. The screen handled 
the weeds well.  Alfalfa Crop Following Application of Screened LAM Compost . Fines on Farm #1 (ready for land application).  Screened Bones.   
Table 4:  Economic Analysis of Screening Process 
Summary:  All four farmers felt a more coarse screen (i.e. bigger than one inch mesh) would have provided an adequately fine 
material with less product in the coarse pile. 
 
Three of the farmers were satisfied with the proportion of bones removed from the pile.  Farmer #3 felt that he needed to use a 
more coarse screen and have drier material during the screening process. 
 
Prior to this grant, all four farmers had piles of LAM Compost they were unwilling to land apply due to concerns about the bones.  
After screening all four farmers spread the screened compost on farmland.  They all were confident the material could be land 
applied with no risk of bones puncturing tires. 
 
All four farmers said they would use the screen again to remove bones from their LAM compost. 
 
Three different people transported the screen from farm-to-farm.  Two of these people and one farmer who had moved the 
screen on a prior occasion reported that the screen did not transport well (i.e. it swayed a lot).  They felt this would be a limiting 
factor to renting a screen on a routine basis. 
 
 
 
 
 
 
 
Farm #4.  Left:  Screening.  Note the difference in the size of the two piles.  The smaller pile is the bone pile and the larger pile is the fines.  Right:   Fines from LAM 
compost. 
Objective: The objective of this project was to demonstrate a 
practical option for managing bones remaining from the composting 
process and to demonstrate the soil amendment and nutrient value 
of mortality compost in farmer’s field plots. 
 
Methodology:  An Orbit Screen (http://www.orbitscreens.com/) was 
transported to the Shenandoah Valley.  The rental rate was $55 per 
hour (using an hour meter attached to the screen engine).  Piles of 
LAM were screened on four different farms.  The screen in the 
machine was one-inch mesh.   Table 1 summarizes the results of the 
screening process on the four different farms.  Table 2 shows the 
estimated available nutrients in the screened compost. 
 Screening LAM compost on Farm #1. 
  Farm #1 Farm #2 Farm #3 Farm #4 
Hours Screen Used    7   3  7 1 
Tons of Screened Material (fines) 100 22 71 4  
Tons of Coarse Material (bones and 
other) 48.5  4 71 1 
Density of Screened Material (fines) 
lb./yd3* 1,136 1,016 1,535  1,100 
Analysis of Fines (percent wet basis)          
Moisture 30.30% 56.60% 35.00%   
Total N   1.20%   0.80%   0.49%   
Ammonium N   0.00%   0.09%   0.08%   
Phosphate   0.53%   1.01%   0.43%   
Potash   0.49%   0.44%   0.36%   
C:N      8.60    13.40    10.40   
  Farm #1 Farm #2 Farm #3 Average 
Available N (yr. 1) lb./wet ton 2.4 2.3 1.7 2.1 
Available N (yr. 2) lb./wet ton 1.2 0.7 0.4 0.8 
Available N (yr. 3) lb./wet ton 1.2 0.7 0.4 0.8 
Total P2O5 lb./wet ton       10.6      20.2 8.6 13.1 
Total K2O lb./wet ton 9.8 8.8 7.2 8.6 
  Farm #1 Farm #2 Farm #3 Farm #4 
Hours Screen Used     7   3   7 1 
Tons of Material in Fine Pile 100 22 71 4 
Tons of Material in Coarse Pile 49   4 71 1 
Percent Material in Coarse Pile  33% 15% 50% 20% 
Cost to Transport Screen ($50 per farm) $50 $50 $50 $50 
Cost to Rent Screen ($55 per hour) $385 $165 $385 $55 
Cost to Run Loader filling Screen          ($75 per hour) $525 $225 $525 $75 
Cost to Land Apply Screened Compost ($80 per 10 
tons) $800 $176 $568 $32 
Cost to Dispose of Coarse Material ? ? ? ? 
Total Cost $1,760 $616 $1,528 $212 
          
Value of Nitrogen @ $0.50 per lb $0 $0 $87   
Value of Phosphate @ $0.50 per lb $0 $0 $0   
Value of Potash @ $0.85 per lb $833 $165 $435   
Value of S, Mg, and Micronutrients ? ? ?   
Value of Organic Matter ? ? ?   
Total Value $833 $165 $522   
          
Cost/Benefit -$927 -$451 -$1,006   
Cost/Benefit per Ton for the Total  
Tonnage Run Through the Screen   -$6 -$17 -$7   
  Farm #1 Farm #3 
Field Acreage 16.5 7 
Rate Per acre (tons/acre) 6.1 10.1 
Three Year N (lb./acre) 29 25 
Total P2O5 (lb./acre) 64 87 
Total K2O (lb./acre) 59 73 
Table 3: Nutrients Applied from Screened Compost 
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A	Comparison	of	the	Quantity	and	Quality	of	Leachate	Generated	by	
Compost	Piles	Exposed	to	Natural	and	Artificially	Induced	Precipitation		
Mark	King,	Maine	Department	of	Environmental	Protection,	Division	of	Solid	Waste	Management	
During	 the	 fall	of	2008,	 five	 commonly	used	compost	 feedstocks	 (wood	chips,	 a	 sawdust/shavings	mix,	 leaf	 and	
yard	waste,	horse	bedding,	and	immature	sludge‐derived	compost)	were	exposed	to	artificially	induced,	extreme	
precipitation	 events,	 in	 order	 to	 compare	 their	 individual	 moisture	 retention	 and	 loss	 characteristics.	 	 Five	
impervious	collection	platforms	(measuring	4	m	long	x	3m	wide)	were	constructed	to	collect	leachate	generated	by	
each	 of	 the	 test	 piles,	 following	 exposure	 to	 30	minutes	 of	 simulated	 rainfall	 (approximately	 416	 L	 total	 or	 the	
equivalent	of	a	25	year/24	hour	rain	event).		Three	replicates	of	each	feedstock	(Trials	1‐3)	were	constructed	into	
small	piles	measuring	3	m3	in	volume.		Each	pile	received	simulated	rainfall	twice	over	a	seven‐day	period	(on	Day	
1	 and	 again	 on	 Day	 7).	 	 Piles	 were	 covered	 between	 simulated	 rainfall	 events	 to	 prevent	 evaporative	 losses.	
Individual	leachate	samples	(100	ml)	were	collected	at	regular	intervals	during	the	simulated	rainfall	periods	and	
were	analyzed	for:	micro	nutrients;	total	phosphorus;	nitrate‐nitrogen;	ammonia‐nitrogen;	total	nitrogen;	pH;	and	
conductivity.	Total	 leachate	volumes	varied	widely	between	 the	various	 feedstocks	 tested.	Wood	chips	averaged	
the	 most	 generated	 leachate	 (145	 L),	 whereas	 the	 sawdust/shavings	 mix	 yielded	 the	 least	 leachate	 (40	 L).	
Municipal	 sludge	 compost	 and	 horse	 bedding	 recorded	 the	 highest	 levels	 of	 nitrate‐nitrogen	 in	 the	 collected	
leachate,	whereas	horse	bedding	and	municipal	 leaf	and	yard	waste	 leachate	recorded	the	highest	 levels	of	 total	
phosphorus.	 During	 the	 summer	 and	 fall	 of	 2009,	 a	 new	 series	 of	 trails	 were	 conducted	 using	 six	 impervious	
collection	platforms,	measuring	25	m2	in	area.		In	this	study,	each	platform	held	approximately	6‐9	m3	of	compost	
mixture	 (50%	 horse	 bedding/50%	 waste	 animal	 feed).	 	 Additionally,	 in	 three	 of	 the	 piles,	 an	 adult	 Holstein	
mortality	was	randomly	placed.		All	piles	were	exposed	to	natural	precipitation	during	a	12	week	compost	period.		
Leachate	 volumes	 and	 sub	 samples	 were	 collected	 by	 precipitation	 event.	 	 Nutrient	 analyses	 were	 performed	
similarly	 to	 the	 2008	 study.	 	 Results	 show	 that	 collected	 leachate	 volumes	 varied	 considerably	 by	precipitation	
event,	but	in	all	cases	were	greatest	for	the	piles	containing	carcasses.		Similarly,	nutrient	losses	were	greatest	for	
each	of	the	piles	containing	carcasses.		
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Introduction:
• Composting is rapidly becoming a preferred 
methodology for carcass management.  
However, concerns regarding leachate
generation and subsequent losses to ground 
and surface water, have prompted the need for 
thorough, vetted investigations to ensure safety 
of the compost process.
Methods: 2010 Trials
• Six compost piles (measuring 9 m3 in volume) were 
constructed using a compost mixture consisting of 
50% horse bedding and 50% waste animal feed (corn 
silage), and placed on six impervious collection 
platforms, measuring 25 m2 in area. 
• An adult Holstein carcass was randomly placed in 
three of the piles.
• All piles were exposed to natural precipitation during 
a 12 week compost period, and generated leachate
was collected in 55 gallon containers (Figure 5).
• Total collected leachate volumes (L) were measured 
for each precipitation event and 100 ml samples were 
also collected for nutrient analysis from each 
precipitation event (Figure 6).  
4th International Symposium:  Managing 
Animal Mortalities, Products, By-Products & Associated   
Health Risk:  Connecting Research, Regulations & Response
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A Comparison of The Quantity and Quality of Leachate Generated by Compost Piles Exposed to Natural and Artificially Induced Precipitation
Objectives: 2008 and 2010 Trials
• To evaluate total leachate (L) and nutrient losses 
from replicate piles of five commonly used 
compost feedstocks exposed to artificially 
induced precipitation.
• To evaluate total leachate (L) and nutrient losses 
from three active compost piles (containing 
bovine carcasses) versus three active compost 
piles without carcasses.
Methods: 2008 Trials
• Three replicates of five commonly used compost 
feedstocks (wood chips, a sawdust/shavings 
mix, leaf and yard waste, horse bedding, and 
immature sludge-derived compost) were formed 
into 3 m3 piles, on top of an impervious platform, 
and exposed to 30 minutes of simulated rainfall, 
twice over a two week period.  This was 
equivalent to two 25 year/24 hour rain event 
(Figure 1). 
• Individual leachate samples (100 ml) were 
collected at regular intervals during the 
simulated rainfall periods and were analyzed for: 
micro nutrients; total phosphorus; nitrate-
nitrogen; ammonia-nitrogen; total nitrogen; pH; 
and conductivity (Figure 2).
Figure 1.  Experimental Design for 2008 Trials.
Results: 2008 Trials
• Wood chips averaged the most generated 
leachate (145 L), whereas the 
sawdust/shavings mix yielded the least leachate
(40 L, Figure 3). 
• Municipal sludge compost and horse bedding 
recorded the highest levels of nitrate-nitrogen in 
the collected leachate, whereas horse bedding 
and municipal leaf and yard waste yielded the 
highest levels of total phosphorus (Figure 4).
Figure 2. Leachate Samples from 2008 Trials.
Figure 3. Total Generated Leachate, 2008 Trials.
Figure 4. Summary of N and K losses, 2008 Trials.
Figure 5.  Experimental Design for 2010 Trials.
Figure 6.  Leachate Samples from 2010 Trials.
Results: 2010 Trials
• Collected Total Leachate volumes varied consistently 
by precipitation event, with slight differences between 
the piles with and without carcasses (Figure 7).
• Total Nitrogen, an important environmental nutrient of 
concern, losses were greatest for each of the piles 
containing carcasses (Figure 8).
Discussion and Conclusions:
• Compost piles exposed to precipitation have the 
potential for nutrient losses through leaching.
• The addition of carcasses to active compost piles 
increases the potential for Total Nitrogen losses.
• In the 2008 trials, Moisture retention by even the most 
porous of the five feedstocks tested was greater than 
60%, and much higher for the finer textured materials.
Figure 8.   Summary of Total N losses, 2010 Trials.
Total Leachate Generated During 2010 Carcass 
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Figure 7. Total Generated Leachate, 2010 Trials.
Recommendations to Address Leachate:
• Choose sites that have moderately well-drained soils, 
with depths to bedrock and seasonal high water of 24 to
36 inches. 
• Choose sites that have adequate slopes (2 to 4%) and 
divert upslope water flows around piles.
• Commercially available compost covers (Figure 5) can be 
used to reduce precipitation impacts to field compost 
piles.
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Small Scale Composting at the UNE Marine Animal 
Rehabilitation Center Compost Facility 
 
Keith Matassa, Marine Animal Rehabilitation Coordinator 
UNE Marine Animal Rehabilitation Center 
11 Hills Beach Road 
Biddeford, ME 04005 
kmatassa@une.edu  
 
 
The University of New England Marine Animal Rehabilitation Center has been successfully 
composting Marine Mammal Carcasses for 6 years at the UNE MARC compost facility. This 30’x12’, 
3 bin system has been successful; however some stranding centers have little or no available land to 
build this type of facility, but need an alternative way to safely dispose of marine animal waste. 
Recently UNE/MARC in collaboration with the Maine Department of Environmental Protection has 
developed a small scale compost system that will suite these stranding centers that either have no 
land or room to build, or only need to compost small amounts of marine animal waste. This small 
scale compost system is inexpensive, easy to build and easily maintained.   Presently this system is 
successfully composting marine animal waste in mid winter. You may be surprised at how many 
pounds of mortalities you can fit in a 1 cubic yard of compost mixture. 
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Online Mortality Certification Course 
 
Amanda Meddles, Program Manager 
Ohio State University 
590 Woody Hayes Dr. 
Columbus, OH 43210 
meddles.14@osu.edu  
 
Steven Moeller, Harold Keener, Mary Wicks 
 
To compost livestock mortalities in Ohio, one must become certified through The Ohio State 
University Extension (OSUE). The certification process requires attending a 2‐hour training which is 
based on Ohio’s Livestock and Poultry Mortality Composting Manual developed by OSUE in 
cooperation with the Ohio Department of Agriculture, Ohio Department of Natural Resources, USDA 
Natural Resource Conservation Service and the Ohio Livestock Coalition. The training program has 
been in place for over 15 years so the initial surge of participants have become certified, thus those 
currently needing certification are often spread across the state and are fewer in numbers. There are 
also less trainings occurring due to budget cuts and decreased OSUE staff. This often leads to an 
extended wait period or extensive travel for someone to become certified. 
As a result, an online certification course was developed in 2011. Presentation slides were updated 
and Camtasia was used to capture the PowerPoint presentations with the speaker’s voice. The 
presentations and additional resources are posted on Moodle, an online classroom tool used by 
eXtension. Those wishing to take the course contact OSUE and are given a log‐in ID. Moodle 
enables the student to go through the course at his/her own pace. A final test is used to assess the 
knowledge level of the student and, if the grade is sufficient, they receive a certificate in the mail. 
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Biosecurity	Messaging:		
What	do	the	recipients	of	our	messages	think?	
By:	Dale	A.	Moore,	Washington	State	University		
Preventing	animal	disease	prevents	associated	mortalities	having	to	cope	with	disposal.	Because	of	
this	sequence	of	events,	every	government	agency	dealing	with	animal	agriculture	and	every	land	
grant	 university	 Cooperative	 Extension	 website	 has	 messages	 about	 reducing	 risks	 for	 foreign	
animal	disease	agents	on	farms.	The	purpose	of	this	presentation	is	to	combine	the	results	of	three	
studies	and	highlight	what	we	learned	about	what	we	say,	how	we	say	it,	and	what	our	producer	
constituents’	 think	of	and	do	with	our	messages	about	biosecurity.	One	study	examined	every	US	
state	department	of	agriculture,	cooperative	extension	and	government	agency	website	materials	
for	biosecurity	recommendations	for	all	agricultural	animal	species.	The	second	study	looked	at	a	
biosecurity	 risk	 assessment	 tool	 and	 tested	 it	 on	 large	 dairy	 farms.	 The	 third	 study	 examined	
replacement	animal	purchasing	practices	and	inherent	risks	associated	with	them,	what	producers	
do	 with	 test	 information	 and	 their	 subsequent	 biosecurity	 practices.	 Examination	 of	 biosecurity	
recommendations	 across	 the	US	 showed	differences	 in	 the	messages	 in	 both	 content	 and	 extent.	
The	biosecurity	assessment	tool	revealed	risky	practices	on	some	large	dairy	farms	but	little	desire	
to	 make	 changes.	 When	 given	 results	 of	 endemic	 disease	 test	 results	 from	 purchased	 cattle,	
producers	 would	 make	 few	 changes	 to	 their	 cattle	 purchasing	 practices	 despite	 diseases	 found.	
Mixed	messages,	 risk	 perception	 and	 competing	 priorities	 can	 thwart	 our	 biosecurity	messages’	
intent.	
 
 
 
 
 
 
The authors are solely responsible for the content of these proceedings. The technical information does not necessarily reflect 
the official position of the sponsoring agencies or institutions represented by planning committee members, and inclusion and 
distribution herein does not constitute an endorsement of views expressed by the same.  Printed materials included herein are 
not refereed publications. For permission to reprint or reproduce please contact the lead author. Citations should appear as 
follows. EXAMPLE: Authors. 2012. Title of presentation. 4th International Symposium on Managing Animal Mortality, Products, 
and By‐products, and Associated Health Risk: Connecting Research, Regulations and Response. Dearborn, MI. May, 21‐24, 2012.  
Results 
 
(1)   Biosecurity recommendations in web educational materials 
 differed by source (i.e. national organization, university extension  
or state departments of agriculture)   
•  Differences in recommendations within animal species and 
classes such as extent of recommendations provided (i.e. how 
rigorous and whether a specific practice was even included. 
•  Specific recommendations not weighted by importance 
•  Some recommendations conflicted - e.g. 16 sources cited on-
farm isolation times for dairy cattle, with times ranging from 14-30 
days (mode 14 days; median 21 days).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(2)  Biosecurity assessment tested on 40 large dairy farms by 7 
extension educators revealed risky practices but little desire to 
make changes.  
- Most farms had >19 visitors per week but no visitor protocol 
- Most (92%) had no signage restricting farm entry 
- 80% had no footbaths or footwear for visitors 
- 58% of farms had animals that left and re-entered herd, only 25% 
had isolation facilities for new/returning stock, 80% had no isolation 
period and just 10% tested new arrivals  
- After assessment and recommendations: Many producers did not 
see value in recommendations, felt comfortable with current 
program, and did not feel need to make changes based on results. 
Several would consider changes only if they “had a problem.” 
 
  
 
 
 
 
 
 
 
 
 
 
 
(3)  Pre-purchase survey: little testing done, most did not isolate 
new arrivals. Testing purchased cattle -- 382 newly-purchased dairy 
cattle tested within 1 week of arrival for a variety of endemic 
diseases. One-third positive for Bovine Leukosis Virus. When given 
results of endemic disease test results from purchased cattle, 
producers would make few changes to cattle purchasing practices 
despite diseases found. Decisions about positive animals were 
variable from keeping animals to not removing them. Most would 
not have purchased if they knew they were infected. Some made 
their own decisions about infected animals, some asked their 
veterinarian for advice. 
D. A. Moore and D. J. Klingborg 
College of Veterinary Medicine, Washington State University, Pullman, WA 99164 
School of Veterinary Medicine, University of California, Davis, CA 95616 
 
Approach 
 
To address biosecurity educational needs of livestock producers a 
mulit-staged approach was taken to understand the biosecurity 
messages they receive, their response to those messages, and 
what they do with farm-specific biosecurity information . 
 
(1)  Literature review compared published recommendations on 
biosecurity practices for various production animal species and 
classes. Web sites for national producer organizations, university 
cooperative extension, and state departments of agriculture 
searched to identify educational materials with biosecurity 
recommendations. 
 
(2)  Implemented, assessed and refined a biological risk 
management survey for use on large western United States 
dairy farms. Assessment tools developed by Iowa State University 
were refined using a focus group process and then testing 
questions on 40 dairy herds in California. Each question evaluated 
using standard criteria and producer responses. Extension 
educators surveyed after each assessment  for feedback on 
assessment process. 
 
(3) Pre-purchase survey, Tested purchased cattle for important 
endemic disease sand Post test-results survey of dairy 
producers purchasing replacement cattle. Producers surveyed to 
understand what they would do with test information and if they 
would change testing practices.  
Discussion  & Conclusion 
 
Assessment of risk is considered the first step to making 
change. But even with a farm-specific assessment, risky 
practices are likely to go unchanged because the 
consequences of lax biosecurity are not always obvious nor 
immediate. And, even in the face of disease test-results, 
producers indicated they would not have purchased had they 
known cattle were positive for disease but most would not 
change their testing policy. 
 
Inconsistent and often conflicting biosecurity messages  - 
“mixed messages” - can lead to confusion which leads to 
inaction or inability to change. 
 
Questions to consider when creating biosecurity 
recommendations include what aspects of a farm can 
producers reasonably secure and what costs and benefits can 
be associated with securing a farm? Recommendations 
provided to producers should be predicated on specific risks 
associated with specific species raised, potential severity of  
disease threats, and location and operation of the farm or 
ranch. Some practices need additional empirical evidence. 
The degree to which precautions are taken will vary 
depending on the threat level, with more precautions taken 
during a disease outbreak. 
 
Mixed messages, risk perception and competing priorities can 
thwart our biosecurity messages’ intent. 
 
 
 
 
 
Purpose 
 
  
Preventing animal disease prevents associated mortalities and 
having to cope with disposal. Because of this sequence of events, 
every government agency dealing with animal agriculture and 
every land grant university Cooperative Extension website has 
messages about reducing risks for foreign animal disease agents 
on farms. The purpose of this presentation is to combine the 
results of three studies and highlight what we learned about what 
we say, how we say it, and what our producer constituents think of 
and do with our messages about biosecurity.  
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Mixed messages, risk perception 
and competing priorities can thwart 
our biosecurity messages’ intent! 
Which biosecurity practices are most 
important and who do I believe? 
Biosecurity Practices 
Recommended for Cattle Premises 
 
• Know the health history of herd from 
which cattle are purchased 
• Know the health status of animals 
arriving to the farm 
• Never purchase unvaccinated 
animals 
• Never buy mixed-origin cattle 
• Transport animals in clean vehicles 
• Have a control program for rodents 
and birds that could spread disease 
• Load and unload animals and 
supplies at perimeter of farm 
• Provide isolated pick-up area for 
rendering trucks 
• Limit number of visitors with access 
to cattle pens 
• Keep a visitor record 
 
Adapted from Buhman et al. 2000 
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A	literature	Review	on	Disinfecting	Chemicals	for	
Improved	Bio‐Security	of	Emergency	Animal	Mortality	
Composting	and	Anaerobic	Digestion	
By:	Lam	Nguyen,	ABE	–	Iowa	State	University		
	
This	work	reviews	literature	on	disinfecting	chemicals	that	could	be	used	to	inactivate	pathogens	in	
carcass	composting	and	anaerobic	digestate.	Our	review	suggests	the	pathogens	sometimes	survive	
in	compost	and	anaerobic	digestate.	The	objective	of	this	review	is	to	look	for	a	possibility	of	a	two‐
phase	treatment,	composting	and	anaerobic	digestion	followed	by	a	chemical	treatment,	to	improve	
the	bio‐security	of	 livestock	mortality	management.	First,	we	review	the	available	 information	on	
liquid	 and	 gaseous	 disinfecting	 chemicals	 that	 have	 been	 used	 historically	 for	 inactivating	
pathogens	in	solid	and	liquid	matrixes	such	as	soil,	grains,	and	certain	food	products.	Based	on	the	
scientific,	practical	appeal	of	those	chemicals,	we	evaluate	and	discuss	their	potentials	and	suggest	
some	 chemicals	 that	 could	 be	 used	 in	 emergency	 disposals	 of	 animal	 mortalities.	 Finally,	 we	
highlight	future	emerging	research	needs.	
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A review of chemicals to improve bio-security of emergency animal mortality composting and anaerobic digestion 
Abstract: 
This is a review of literature on disinfecting chemicals that could be used to inactivate 
pathogens in composting and anaerobic digestate of animal catastrophic disposals. Our 
review suggests that pathogens sometimes survive in compost and digested residues. 
The objectives of this study are to look for: (1) The available information on liquid and 
gaseous disinfecting chemicals that have been used for inactivating pathogens in solid 
and liquid matrices such as soil, grains, and certain food products; (2) An alternative 
method for chemical treatment of composting and/or anaerobic digestate, to improve 
the bio-security of emergency animal disposals. Based on the scientific data, practical 
appeal and the applications of the reviewed chemicals, ammonia (NH3) appears to have 
the best potential for disinfection of composting and/or anaerobic digestate for 
emergency disposals of animal mortalities. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusions: 
1. Ammonia (NH3) will be the most useful disinfectant for a chemical 
treatment of composting and anaerobic digestion products. This 
chemical is not too very toxic and not expensive. 
2. For composting: Anhydrous ammonia gas would be is the best suite for 
treatment application. It will be very difficult to pour liquid ammonia on 
compost and have it distribute to  the whole compost pile.  
3. For anaerobic digestion: The potential for mechanical mixing of the 
digestate means that  solid, liquid or gas form of ammonia could be 
introduce into digested residues. 
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Background: 
Massive loss of poultry and livestock caused by diseases and natural disasters are of 
health and environmental concerns. These animal mortalities need to be readily 
disposed of, but lack of bio-safety measures in buried-out method leads to groundwater 
hazardous and odors. In South Korea, 9.7 million cattle, swine, and poultry carcasses 
were buried in mass graves after outbreaks of foot-and-mouth disease and bird-flu in 
the winter of 2010. This raised concerns that contaminants may enter groundwater 
when the soil has thawed. Composting and anaerobic digestion are disposal methods of 
interest. Therefore, health officials want to be very sure that these processes are safe. 
The effectiveness in reduction of pathogens in both processes is affected by 
temperature, a factor that generally cannot be controlled when used under emergency 
conditions. Composting is not always completely heat-treated. Research has 
documented cases of pathogen survival and re-growth in composted materials.1, 2 
Escherichia coli and Salmonella spp are not damaged by mesophilic temperatures.3 
This justifies the need for post-process disinfection with appropriate chemicals.  
Suitable chemicals for pathogen disinfection: 
Several of the disinfecting agents pose significant potential safety hazards for 
workers. Based on the documentation for Immediately Dangerous to Life or 
Health (IDLHs)23 and the Rankings of National Pollution Inventory17, Ammonia 
appears to be much less serious than those listed for the other disinfecting 
chemicals. 
 
Chemical/agent Pathogen carriers Inactivation 
of Specific Pathogens 
Net reduction 
(CFU/g) 
Anhydrous ammonia gas (NH3) Corn silage5 Salmonella newport Least effective in silage because silage alone 
showed strong antibacterial activity  
Cotton seed5 Salmonella newport 4.9 – 7.2 log 
Wheat straw5 Salmonella newport 4.9 – 8.7 log 
  
  
Corn grain5 
  
Salmonella newport 5.6 - 6.8 log 
Escherichia coli O157:H7 7.4 – 8.8 log 
Listeria monocytogenes 5.1 – 6.3 log 
Campylobacter jejuni 5.0 – 6.2 log 
Yersinia enterocolitica 5.5 – 6.6 log 
Chlorine dioxide solution (ClO2) 
  
Lettuce6 Escherichia coli O157:H7 1 log  
Apples7 Escherichia coli O157:H7 2 to 4 log /apple  
Tomatoes8 
  
Salmonella enterica 7.1 log (cfu/mL) 
Escherichia carotovora 6.8 log (cfu/mL) 
Chlorinated water (Cl2 and HOCl) Lettuce9 Escherichia coli ATCC 25922 2 log  
Peroxy-acetic acid solution  (CH3CO3H) Apples7 Escherichia coli O157:H7 2 to 5.5 log/apple  
Ozonated water (3 ppm & organic  acid  (1%) 
such  as  acetic, citric, or lactic acids) 
  
  
  
Mushroom10 
Listeria monocytogens  0.92 - 2.26 log 
Escherichia coli O157:H7 
Ozonated water (1, 3 and 5 ppm) Listeria monocytogens  < 1 log 
Escherichia coli O157:H7 
Lemon juice mixed with vinegar (1:1)  
Carrots11 
  
Salmonella typhimurium 1.59 to 6 log  
Fresh lemon juice (4.46% v/v citric acid) Salmonella typhimurium 0.79 to 3.95 log  
Vinegar - Acetic acid (4.03%) Salmonella typhimurium 1.57 to 3.58 log 
25% hydrogen peroxide plus 5% peracetic acid 
(Ox-Virin)  
Goat kids12 Cryptosporidium parvum oocysts   % pathogen inactivation  
26.5 to 100 % 
48% hydrogen peroxide plus 0.05% silver 
nitrate (Ox-Agua) 
35.1 to 100 % 
Cyanogen (C2N2) 
  
 
 
Soil fumigation13 
Schlerotium rolfsi, 
Pythium sulcatum, 
Rhizoctonia solani, 
Fusarium acuminatum, 
Phytophthora cactorum, 
Phytophthora cryptogea, 
Bipolaris soroikiniana 
120 mg/kg C2N2 can control all soil borne 
pathogens and soil fungi 
Sulfuryl fluoride (SO2F2) Soil fumigation14 Bacillus anthracis (Ames strain) 
spores. 
0.43 to 1.22 log 
Ozone (O3) Bacillus anthracis (Ames strain) spores 1.76 to 7.68  log 
Methyl bromide gas (MeBr) (> 99% pure) Soil fumigation15 Escherichia coli O157:H7 Fumigation alone may not eliminate the 
pathogens, but may decrease microbial diversity 
which may enhance the survival of the 
pathogens. 
Methyl iodide liquid (MeI) (> 99% pure) Escherichia coli O157:H7 
Suitable physical forms of disinfectants 
Gas Liquid Solid 
Composting  Yes No No 
Anaerobic digestion Yes Yes Yes 
List of chemicals that have been used for disinfection 
of grains, soils, & certain food products: 
The disinfectants should be at a sufficient 
level in order to inactivate the pathogens by: 
(1) Interaction with microbial surface; (2) 
Penetration into microorganism; (3) Action 
at the target sites.4 
Figure 2 summarizes in order of 
importance the factors to be considered 
when using them as disinfectants for 
composting and digested residues.  
Figure 1. Mechanism of actions of disinfectants Figure 2. Key factors for selecting appropriate disinfectants 
Availability and use consideration for some of 
disinfecting agents 
Agent Availability, cost, and  
use considerations 
(equipment, chemical, labor, training) 
Mechanism of 
actions* 
Cancer 
classification16 
Health hazard 
Ranking17 
Environmental 
hazard Ranking17 
Ammonia 
(NH3) 
- Can purchase anhydrous ammonia or liquid urea 
solution from agricultural fertilizer suppliers. 
- Can obtain ammonia gas from urea.18 
(2), (3) Not classifiable  1.0 1.5 
Ozone 
(O3) 
- Ozonation is more complex than other disinfection 
technologies. 
- Must be generated on-site. 
- The cost of treatment is relatively high, being both 
capital- and power-intensive.19  
(1), (2), (3) Not classifiable  1.5 3.0 
Chlorine dioxide 
(ClO2) 
- Almost always used as a dissolved gas in water 
(concentration < 10 mg/L).20   
- Must be generated on-site.16 
- Chlorine dioxide is less expensive than other 
disinfection methods, such as ozone. 
(2), (3) Not classifiable  1.8 1.5 
Cyanogen 
(C2N2) 
- Cyanogen diffused and penetrated through the soils 
faster and farther than MeBr and was more rapidly 
and strongly sorbed by all soils compared to MeBr.21  
(3) Not classifiable  N/A N/A 
Methyl bromide 
(MeBr) 
- Treatment cost less than Sulfuryl fluoride method.22  (2) Potential 
occupational 
carcinogen  
N/A N/A 
Sulfuryl fluoride  
(FO2S2) 
- Sulfuryl fluoride uses about two thirds more than 
Methyl bromide in order to have the same 
effectiveness.22  
(2), (3) Not classifiable  N/A N/A 
* Mechanism of actions: 
(1) Interaction with microbial surface.  
(2) Penetration into microorganism.  
(3) Action at the target sites. 
Table 1. Selecting physical forms of chemicals for composting and anaerobic residues 
Table 2. List of disinfectants for grains, soils and certain food products 
Table 3. List of disinfectants for grains, soils and certain food products 
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Static	Composting	of	Equine	Mortality	
By:	C.A.	Shea	Porr,	Virginia	Tech	MARE	Center	
	
With	 the	closing	of	equine	slaughter	 facilities	 in	 the	United	States,	 carcass	disposal	 is	becoming	an	 issue	 for	 the	
horse	 industry.	 Disposal	 options	 include	 rendering,	 which	 is	 expensive;	 on‐farm	 burial,	 which	 is	 negatively	
associated	 with	 ground	 water	 contamination,	 foul	 odors,	 and	 zoning	 restrictions;	 or	 composting.	 This	 study	
examined	 the	 efficacy	 of	 static	 composting	 as	 an	 alternative	 for	 on‐farm	 equine	mortality	 disposal.	 Five	 equine	
mortalities	were	placed	under	compost	within	48	hr	of	euthanasia.	After	a	minimum	of	60	d,	piles	were	turned	and	
combined;	 the	 single	 remaining	 pile	 was	 turned	 6	 and	 12	 mo	 later.	 Data	 collected	 included	 temperatures	 and	
observations	for	evidence	of	nuisances,	bone	and	tissue	status,	and	composting	progress.	All	but	one	pile	achieved	
an	internal	temperature	of	over	55°	C	for	at	least	3	d.	One	pile	produced	a	significant	odor	easily	associated	with	
decomposing	flesh,	which	disappeared	within	10	d.	Animal	disturbance	of	one	pile	was	noted.	After	12	mo,	most	
bones	showed	evidence	of	degradation,	but	only	thin,	flat	bones	were	easily	broken	by	hand.	On‐farm	disposal	of	
equine	 mortality	 can	 be	 accomplished	 using	 a	 static	 composting	 method.	 Although	 dissection	 enhances	
biodegradation,	 the	 ability	 to	 compost	 intact	 carcasses	 can	 make	 the	 process	 more	 appealing.	 Appropriate	
temperatures	 were	 achieved,	 and	 the	 amount	 of	 labor	 required	 and	 nuisances	 were	 minimal.	 However,	 a	
significant	amount	of	bone	remained	after	12	mo	and	screening	would	be	required	before	 the	product	could	be	
spread.	Based	on	these	results,	on‐farm	static	composting	of	equine	mortality	can	be	conducted	successfully.	
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Static Composting of Equine Mortality 
C.A. Porr1, R.A. Clark2, C.E. Smith3, R.M. Brooks1, and R.K. Splan1 
1MIddleburg Agricultural Research and Extension (MARE) Center, Virginia Tech, 2Virginia Cooperative Extension, Virginia Tech, and 
3Department of Animal Science, West Virginia University 
Due to expenses, zoning restrictions, and environmental impacts, 
concerns about mortality disposal are being addressed. Give current 
economic hardships, more cost effective routes of disposal are being 
investigated.  
 Euthanasia costs may exceed $200.00 
 Disposal of a 450 kg animal may exceed $300.00  
 Neither of these considers medical expenses that may have been 
incurred prior to death of the animal 
 
 
Other disposal options include: 
 Burial: potential ground water contamination and zoning 
restrictions 
 Rendering: some facilities won’t take mortality when euthanasia 
solution is used 
 Incineration: prohibitively expensive, also associated with air 
pollution1 
 Composting 
 
Composting can be done on-farm with minimal materials and 
equipment: 
 Mortality 
 Carbon source to serve as a base and insulating blanket 
 Product to initiate the composting process 
 Composting thermometer 
 Vehicle equipped to turn the pile  
 
 
In order to accomplish this, proper composting requires: 
 Appropriate moisture content 
 A proper carbon to nitrogen ratio 
 Adequate oxygen 2  
 
When composting animal mortality, it is recommended that the piles 
sustain temperatures of at least 55° C for at least three 
consecutive days to kill pathogenic disease organisms. 1  Piles that 
are turned frequently allow for proper aeration and moisture levels, 
which keeps the composting process active and more rapid. The 
amount of labor involved can seem daunting, particularly at the 
thought of turning mortality, and may result in a lack of consideration 
for this process. Static composting involves construction of a pile 
that does not require excessive labor (i.e., turning or additional 
water), but the time to complete the composting process is extended. 
Temperature 
 All but one individual pile exceeded 55° C for at least 3 d 
 
 Temperatures over 55° C were maintained for at least 5 d 
 
 One pile never achieved a temperature over 37° C, and one pile 
dropped below 55° C; when combined, temperature exceeded 
55° C for over 2 mo 
 
 Once all piles were consolidated, temperatures remained over 
55° C for 3 mo 
 
 When the consolidated pile was turned, temperatures again 
increased to over 55° C 
 
 
 Combined piles, which were larger, appeared to be better able 
to maintain higher temperatures for longer periods of time. 
 
Introduction 
Results 
Results 
 Although dissection enhances carcass biodegradation, the fact that 
an intact carcass composts in the same manner can make the 
process more appealing to individuals considering alternatives for 
carcass disposal. 
 
 
 Formation of larger piles appeared to enhance the composting 
process, suggesting a larger amount of woodchips during pile 
construction may be beneficial.  
 
 The amount of labor required and nuisances were minimal. 
However, a significant amount of solid bone remained after 18 mo 
and the compost required screening before it was spread.  
 
 Based on these results, low-maintenance static composting of 
equine mortality can be conducted successfully.  
 
 
Future research projects could include: 
 Fate of barbiturates used to euthanize animals 
 Effect of anthelmintics on compost microbial biomass 
 Effect of barbiturates on compost microbial biomass 
 Effect of leaching of barbiturates on soil microbial biomass 
 Effect of composting process on soil microbial biomass under the 
pile 
 Impact of use of resulting compost on pasture or forage crop 
production 
 Time required to fully decompose bones 
Discussion and Conclusions 
Materials and Methods 
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This study examined the efficacy and potential of static composting as 
an alternative option for on-farm equine mortality disposal. 
Objective 
Figure 1. Temperatures in five compost piles containing large animal 
mortality.  Changes in pile construction were implemented between Horse 2 
and Horse 3, resulting in more appropriate temperatures. 
Mortality: Five equine mortalities were received from a state 
laboratory. No pre-processing of the carcasses (dismembering) 
was performed, and carcasses were placed under compost within 48 
hr of euthanasia. 
 
 
Pile Construction: Piles were constructed in December 2009, and 
January, April, and May of 2010.  
 46 cm base of woodchips placed below the mortality 
 25 cm of horse stall waste, consisting of manure, urine, and wood 
shavings, placed over the mortality 
 Additional 25 cm of woodchips added over the entire pile 
 Piles shaped in a pyramid to shed rainwater appropriately 
 
Additionally: 
 Initially, each carcass placed individually in contiguous piles 
 Piles turned after 60 d and combined until only one consolidated 
pile remained; not turned again for 6 mo 
 No water added to the pile beyond natural precipitation 
 Piles located on ground with a slight slope and minimum distance 
of 90 m to nearest above-ground water source 
 
 
Data Collection: Temperatures at 91 cm (36”) were collected with a 
composting thermometer (REOTEMP, San Diego, CA). Data was 
collected every 3 d for 3 wk beginning 3 d after pile construction, then 
weekly for 2 mo, and finally monthly for 6 mo. Observations of the 
piles, including nuisances (odors, evidence of animals digging into the 
pile, etc.), bone and tissue status, and composting progress, were 
made when temperatures were collected and when piles were 
combined or turned. 
Nuisances 
 One pile produced a significant odor associated with decomposing 
flesh.  
 Odor disappeared within 10 d 
 Small pile, possibly resulting in lack of insulation 
 Excessive moisture in the form of a heavy, wet snowfall may 
have drenched the pile before composting process began 
 Changes made to pile design between Horse 2 and Horse 3; 
issue did not recur 
 
 Animal disturbance of one pile, not associated with the odiferous 
pile, was noted 
 Exposed portions of carcass were re-covered with additional 
woodchips 
 Animal stopped returning to the pile after 7d 
Bone Degradation 
 One study found that after 9 mo composting, equine and bovine 
bones had degraded sufficiently to shatter and disintegrate easily by 
hand. 3  
 
 Even after 18 mo, the current study did not duplicate those 
findings.  
 
 While most bones showed evidence of degradation, only thin, flat 
bones could be broken by hand.  
 
 Long bones and vertebrae in particular were still substantial and 
showed no sign of breaking when banged against each other or a 
hard surface. 
Figure 3. Bones collected from 5 composted equine mortality after 18 mo 
composting.  Thin flat bones were able to be broken by hand, while long 
bones showed no sign of breaking when banged together. 
Figure 2. Completed consolidated pile containing five equine mortality.  
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Training	First	Responders	on	Equine	Handling	and	Technical	Rescue	
By:	C.A.	Shea	Porr,	Virginia	Tech	MARE	Center	
	
Emergency	responders	may	have	little	training	in	equine	behavior,	and	the	instinctive	reactions	of	the	horse	can	
quickly	make	 emergency	 situations	more	perilous.	A	 pilot	 survey	 in	Northern	Virginia	 revealed	 that	while	 over	
60%	of	first	responders	had	attended	emergencies	involving	horses,	less	than	25%	had	training	handling	horses.	
Two	programs	were	developed.	In	each,	topics	were	presented	as	lectures	and	followed	by	hands‐on	practice	with	
live	animals.	A	basic	program	was	designed	to	educate	first	responders	on	equine	behavior,	handling,	and	first	aid.	
An	advanced	program	included	detailed	rescue	techniques	and	practice	with	specialized	equipment.	Surveys	were	
administered	 during	 each	 program	 and	 assessed	 previous	 horse	 handling	 experience	 and	 comfort	 level,	 and	
knowledge	gained	during	the	program.	In	the	basic	course,	82%	reported	no	horse	handling	training	prior	to	the	
program	and	30%	had	never	owned	horses.	Over	78%	reported	learning	“a	lot”	about	topics	covered.	While	15%	
were	“not	comfortable”	handling	horses	before	the	program,	none	held	this	view	after	the	training.	Comfort	level	
handling	 horses	 increased	 in	 94%	 of	 participants.	 After	 the	 advanced	 program,	 67%	 had	 gained	 “a	 lot”	 of	
knowledge	 on	 techniques	 and	 equipment	 options.	 Confidence	 levels	 again	 shifted	 upward:	 65%	 were	 more	
comfortable	handling	horses	and	94%	would	be	more	comfortable	directing	an	emergency	scene	 involving	 large	
animals.	Single	and	multi‐day	training	programs	appear	to	be	effective	at	increasing	knowledge	of	equine	behavior,	
first‐aid,	 and	 appropriate	 rescue	 methods,	 and	 at	 improving	 the	 comfort	 level	 and	 confidence	 of	 emergency	
responders	handling	horses.	
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Training First Responders on Equine Handling and Technical Rescue 
C.A. Porr and R.K. Splan 
Middleburg Agricultural Research and Extension (MARE) Center 
Virginia Tech, Middleburg, VA 
The horse industry in the United States has an economic impact of 
$102 billion1. Between 1996 and 2005: 
 Number of horses increased from 6.9 to 9.2 million 
 42% involved in recreational activities 
 39% involved in showing and racing 
 Travel for these activities brings horses into unfamiliar areas 
 
Emergencies happen unexpectedly. Emergency responders may: 
 Have little experience with equine behavior and handling 
 Exacerbate already stressful situations by mishandling animals 
 Cause greater injury by inappropriately attaching equipment in an 
effort to extract the horse from a situation 
 
In addition, the instinctive reactions of the horse can make 
emergency situation more perilous.2 
 
Types of incidents can include: 
 Loose animals on fair grounds, state parks, and highways 
 Horses or riders hit by cars 
 Animals trapped in ditches, mud, septic tanks, swimming pools 
 Trailers overturned  
 Barn fires 
 
The goal: 
 Remove animal from predicament without further injury to animal 
or people 
 Every situation different; none ideal 
 
Why train?  
 “Everyone” wants to help. 
 Owners, bystanders – trained in equine behavior 
 Veterinarians – trained in equine health and behavior 
 First responders – trained in technical rescue 
 
 Often, no single person has all the training or equipment 
necessary to achieve the goal. 
 Rescue services trained in entrapment and technical rescue 
 Veterinarians are trained in animal behavior and medical care 
 Untrained volunteers can hamper a rescue effort 
 Using equipment inappropriately is expensive and can result in 
injury to people and animals 
 
A preliminary survey of emergency responders revealed: 
 Over 60% had responded to emergency calls involving horses 
 Only 21% had received any formal training handling horses 
 Less than 24% were comfortable handling horses 
 
 39% of the events involved vehicular accidents 
 Only 27% reported having a veterinarian on site 
Two educational programs were designed. 
 
One-day Horse Handling Training: 
 Classroom sessions 
 Equine behavior and handling 
 What to do until the vet arrives 
 Basic equine first aid 
 Hands-on sessions 
 Basic equine handling 
 Catching, leading, releasing individual horses 
 In stalls and paddocks 
 Advanced equine handling 
 Moving horses around obstacles, trotting 
 Grooming, handling feet 
 Trailer awareness 
 Gooseneck versus bumper hitch 
 Overview of different types of trailers 
 Loading and unloading horses 
 Basic first aid 
 Taking temperature, pulse, and respiration 
 Bandaging limbs 
 
Introduction 
Materials and Methods 
Results 
First responders arriving on scene may have little experience handling 
large animals. 
 
Single and multi-day training programs appear to be effective at 
increasing knowledge of equine behavior, first aid, and appropriate 
rescue methods, and at improving comfort level and confidence in 
handling horses.  
 
Although horses and situation encountered during these training 
programs were much less stressful than an actual emergency: 
 Simply having handled horses and discussed scenarios may 
enable responders to be more prepared 
 
Even if participants remained uncomfortable handling horses during 
an emergency: 
 Confidence in coordinating a rescue increased 
 Understanding of horse behavior and handling, first aid increased 
 The ability to coordinate the rescue efforts and provide proper 
instruction could help keep people safe and effect the rescue of 
the equine more efficiently. 
Discussion and Conclusions 
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The objective of this effort was to develop training programs 
combining theoretical and practical instruction to: 
 Familiarize emergency responders and horse industry 
professionals with horse behavior and handling, basic first aid 
 Instruct both groups in the technical requirements of large animal 
emergency rescue 
 Educate both groups on the responsibilities, duties, and 
expectations of persons who may arrive on scene during an 
emergency situation 
Objectives 
Figure 1. Overturned trailers are one of the types of emergency situations 
that can happen during the transportation of horses to shows, races, and 
recreational events. Photo courtesy  R. Gimenez, PhD. 
One-day Horse Handling Training: 
 Since 2007, 274 emergency responders participated in 15 sessions 
 Before the training 
 82% had received no formal training  
 Over 30% had no experience with horses 
 15% were “uncomfortable” handling horses 
 After the training 
 78% learned “a lot”  
 All were at least “somewhat comfortable” handling horses 
 94% became more comfortable with handling horses 
 
 
Figure 4. Comfort level handling horses increased as a result of 
a one-day training program. 
Three-day Technical Large Animal Emergency Rescue (TLAER): 
 More technical information and hands-on practice 
Mud and water rescues 
Trailer overturn scenario 
Vertical lifting exercises for extrication from ditches, pools 
Barn fire scenario 
Night search and rescue exercise 
 Information and discussion on  
Hazardous materials situations 
Helicopter rescues 
 Use of live, trained animals as well as models for hands-on 
 Discussion and practice with standard as well as specialized 
equipment 
Review of equipment on typical rescue vehicle 
Review of equipment on local equine ambulance 
Figure 2. An instructor helps a program participant halter a horse. 
Photo courtesy S. Porr, PhD. 
Data Collection: 
 Surveys distributed before and after training 
 Assessed 
Prior experience handling horses 
Prior training in handling horses 
Comfort level in handling horses 
Comfort level in directing activities at a scene involving horses 
Figure 3. Participants learn how to safely maneuver around a recumbent 
horse and to place straps and webbing around the horse in order to safely 
move an animal that may not be able to rise. Photo courtesy S. Porr, PhD. 
Three-day Technical Large Animal Emergency Rescue (TLAER): 
 Since 2009, 351 emergency responders and horse industry 
professionals participated in seven training sessions.  
 67% gained “a lot” of information on disaster response, 
equipment options, and trailer, mud, and water events 
 65% became more confident in handling horses 
 94% became more comfortable coordinating a scene 
involving a large animal 
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Figure 5. Participants practice a sideways drag on a model horse 
during TLAER training. Photo courtesy R. Gimenez, PhD. 
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Abstract. A ten year old livestock burial site near Pierceland, Saskatchewan was continuously 
cored and analyzed for microbial communities at varying depths below the soil surface by 
molecular methods. 16S rRNA gene targets and quantitative PCR was utilized to provide a 
quantitative analysis of genomes per gram of soil and cpn-60 targets were used to amplify DNA 
for taxonomic profiling by 454 pyrosequencing.  Quantification results demonstrate a three 
orders of magnitude greater difference in genomes at depths within and up to two meters below 
the burial trench as compared to a background core.  Topsoil and depths below 6 meters show 
similar quantities of microbes for both the core through the burial trench and the background 
core. A total of 5905 OTUs was found at a variety of abundances in all of the 13 core samples 
that were analyzed. Taxonomic analysis indicated that the overall community composition 
changed considerably with increasing depth, and that the burial core community was distinct 
from the control core at the same depth. In the burial core, organisms that are associated with 
phosphate accumulation, nitrogen fixation, and ammonium oxidation were found in highest 
abundance near the surface (up to 2.5 m), while organisms associated with sulfate reduction 
were concentrated just below the burial depth (4.5-4.8 m). The microbial community at the burial 
site (3.75 m) was dominated by anaerobic microorganisms.   
Keywords. Livestock burial, microbial communities, cpn60, genomic quantification, soil microbes
  
Introduction 
In the event of a disease outbreak or natural disaster, the need to dispose of livestock 
mortalities may arise.  In areas of intensive livestock operations, the number of animals 
euthanized has great potential to deem most methods of disposal unacceptable.  Burial is the 
most likely choice for many of these events and is the least understood with respect to 
environmental implications.   Pratt (2009) provides leachate characterization for three species of 
livestock burial pits and shows that concentrations of ammonium, bicarbonate, phosphorus, 
sulphate, etc. are 5 to 10 times higher than concentrations found in liquid swine manure 
storages.  The difference between a mass livestock disposal site and manure storage is that the 
storage is constantly loaded, while the burial site is a one-time contaminant load.  Even though 
the burial site has a specific amount of contaminant available for transport, the concentrations 
found in the leachate are cause for concern. 
Many factors can affect the transport of mortality leachate such as soil type, hydraulic properties 
and microbial communities.  The microbial community in soils beneath burial sites could affect 
the transport and chemical evolution of the mortality leachate (McCarthy and Zachara 1989).  
More importantly, the transport of microbes and/or viruses from the carcasses into the 
underlying soil and groundwater has yet to be determined.  Little is understood regarding 
microbial transport from a burial site.  The types of microbes in soils such as sulfate reducers, 
nitrate reducers as well as those present in the burial pit (enteric bacteria) could potentially have 
an effect on leachate by changing its chemical composition and thus altering its transport 
properties.  These microbes may also transport through the soil along with the leachate.  In 
cases where carcasses were disposed with disease, this could potentially cause the transport of 
pathogens.  In order to determine the microbial ecology of a livestock burial site, background 
soil samples must be analyzed as well as samples taken directly through the mortality pits.  
After analysis of the respective soil cores, the changes in the microbial ecology can be 
quantified and evaluated.  
The physiology and ecology of microorganisms at contaminated sites is important to understand 
in order to be able to fully assess leachate attenuation and remediation properties available at 
any site.  For example, in a carcass disposal site, the carcasses themselves present their own 
microbiota, but the microbiota in the soil they come into contact with may determine the 
characteristics of the leachate as well as the natural attenuation of that leachate.  Previously, 
the only method available to characterize soil microbes consisted of culturing them in a 
laboratory setting. Characterization of microbial communities in soil was very difficult using this 
method.  Therefore, little is known about these organisms in soils because of the difficulty 
involved in obtaining cultures and their resistance to being cultured (Zengler et al. 2002).  It has 
been estimated that by using culturing techniques, up to approximately 0.3% of soil bacteria can 
be cultured.  This leaves a fairly large gap in information.   
Recently, new techniques are under development to fully assess soil microbiota.  Isolating soil 
microbial DNA through the lysis of cells and subsequent purification will allow access to portions 
of microorganisms unavailable to culturing techniques as well as allowing a more complete 
characterization of the soil microbiota (Liles et al. 2008; Abulencia et al. 2006; Agnelli et al. 
2004; Robe et al. 2003; Schneegurt 2003; Roose-Amsaleg, Garnier-Sillam, and Harry 2001).  
Many previous studies determined microbial communities using a 16S rRNA gene target, while 
some studies are now suggesting that using a chaperonin-60 (cpn-60) target set can provide 
similar results with more operational taxonomic units (OTUs) (Schellenberg et al. 2009).  This 
higher resolution will be very beneficial in determining the microbial communities in and around 
a livestock burial site.  The cpn-60 gene is universal in eukaryotes and eubacteria and has an 
extensive reference database available for classification (Hill et al. 2004). The length of the 
cpn60 universal target (549-567 bp), coupled with the high resolution it provides makes it an 
  
ideal molecular target for the application of next-generation ultra-high throughput sequencing 
methodologies (Schellenberg et al. 2009). 
 
Methods 
To determine the microbial communities in and around a livestock burial site and a background 
sample, a carcass disposal site was selected and continuous soil cores were taken in various 
locations as shown in Figure 1.  This burial site was located 20 km south of Pierceland, SK and 
contains approximately 3000 elk carcasses disposed in 2001 for a chronic wasting disease 
control measure.  The carcasses were buried in trenches of varying dimensions.   Soil cores 
were taken continuously from the surface to approximately 9.5 m below grade.  Cores were 
taken into clear cellulose acetate butyrate tubes, capped and stored at -20° C.  For microbial 
analysis at this site, cores C1 and C10 were dissected at various intervals for complete DNA 
extraction.   
 
 
Figure 1.  Pierceland CWD disposal site core locations. 
 
To extract microbial DNA from the soil cores, an Ultra Clean Mega Soil DNA Isolation Kit (Mo-
Bio Laboratories) was used.  This kit is capable of extracting DNA from 10 grams of soil sample.  
Table 1 demonstrates the labeling of samples and sample depths for each extraction.   
Burial Trenches 
Continuous Cores 
  
Table 1. Sample labels and corresponding depths. 
Sample # Depth (m) Sample # Depth (m)
A1 0.75 F1 0.75
B1 1.5 F3 2.5
C1 2.5 F4 3.75
D1 3.75 F5 4.5
E1 4.5 F 5.5
F1 4.8 F8 6.5
G1 5.5 F10 8.5
H1 6.5
I1 7.5
J1 8.5
C1 C10
 
 
After extraction of soil microbial DNA and extensive washing to remove PCR inhibitors, nucleic 
acids were precipitated with 3 M NaOAc and 95% ethanol to concentrate the DNA in each 
sample.  DNA concentration was determined in each sample using a Qubit Fluorometer 
(Invitrogen).  To quantitatively determine the number of bacterial genomes extracted from each 
sample, qPCR amplification using primers SRV3-1 and SRV3-2 that target the 16S rRNA-
enoding gene (Lee, Zo, and Kim 1996) was performed.  Using qPCR a small sample of the 
extracted DNA was amplified with SsoFast EvaGreen Supermix (Bio-Rad Laboratories).  In 
order to mitigate the potential effects of PCR inhibition on the quantitative results, five to six 
different dilutions of DNA product were amplified and compared to one another in an agarose 
gel with a 100 bp Ladder (Invitrogen), as well as comparing results from qPCR in Microsoft 
Excel.  Average genome counts, corrected for dilution, were then taken over the dilutions that 
yielded consistent results. The standard deviations of these averages produce the inherent error 
of total genomes per gram of soil of each sample for both the background core and core through 
the burial trench. 
Sub-sets of DNA samples were also prepared for taxonomic profiling and sent for 454 
pyrosequencing.  To prepare these samples, DNA was amplified using PCR with PlatinumTaq 
polymerase (Invitrogen) and PCR primers targeting the cpn60 universal target (cpn60 UT) (Hill 
et al. 2002).  Universal cpn60 UT amplification primers were modified with unique barcodes that 
facilitated multiplexing (multiplexing IDs, or MIDs) (Schellenberg et al. 2009).  Amplicons of 
approximately 600 bp were purified on 1.5% agarose gels and the concentration of gel-purified 
amplicons was determined by fluorometry using a Qubit instrument. Equimolar concentrations of 
gel-purified, MID-tagged amplicons were pooled prior to analysis by pyrosequencing with 
Titanium chemistry (Roche). 
Pyrosequencing data was separated in silico by MID to generate a dataset corresponding to 
DNA templates extracted from each core for taxonomic analysis. Individual reads were 
assembled into isotigs using newbler (Roche) corresponding to the nearly complete cpn60 UT. 
Each isotig, which corresponded to an operational taxonomic unit (OTU) was compared to 
cpnDB, a database of cpn60 UT sequences (Hill et al. 2004), to determine its taxonomic identity 
(or “nearest neighbor”). The order-level taxonomic classification of each OTU was determined 
using the Taxonomy database at NCBI (http://www.ncbi.nlm.nih.gov/guide/taxonomy/). OTUs 
with less than 70% identity to any sequence in cpnDB were considered unassignable and given 
an “unknown” tag.  
  
Results 
Quantification of the number of genomes or total bacteria normalized per gram begins with 
determining the average number of genomes per gram of soil over the varying range of 
dilutions.  Dilutions ranging from 1:1 to 1:50 were used for quantification.  A plot of the total 
genomes per gram of soil for each dilution demonstrates that in some samples, dilution of the 
DNA extract results in a higher apparent total genome count. (Fig. 2 & 3).  This suggests that at 
lower dilutions, inhibition during PCR is occurring. The total average genomes for each sample 
were taken over the qPCR results that produced the most consistent results and are circled as 
shown in Figure 2 and 3.   
 
Figure 2.  Burial trench core genomic quantification. 
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Figure 3.  Site background hole genomic quantification. 
Figure 4 shows a comparison plot between the total bacterial genomes per gram of soil for each 
sample from the burial trench (C1) as well as each sample from the background hole (C10).  
The depth of the burial trench is shown in the figure with a grey box.  Results demonstrate 
consistent quantities of genomes in the top soil as well as deep subsurface greater than 6 
meters.  Total genomes were significantly increased in the area of the burial trench as well as 2 
meters beneath the trench.   
Pyrosequencing of cpn60 UT amplicons generated from the core samples resulted in a total of 
499,676 usable reads from all cores. Defining OTUs as distinct assemblies in newbler, we 
determined that these microbial communities were represented by a total of 5905 OTUs that 
were present at a variety of abundances in each of the core samples. Order-level taxonomic 
profiling of these communities showed that, in the burial core, the composition of these microbial 
communities changed remarkably with depth; for example, the surface community (0.75 m) was 
dominated by Lactobacillales while the abundances of taxa in the core just slightly deeper (1.5 
m) were more evenly distributed (Fig. 5). At the depth of the burial site (3.75 m), where bacterial 
abundance was highest (Fig. 4), the community became dominated by anaerobic 
microorganisms (Fig. 5). Comparing the taxonomic distribution of microorganisms at the same 
depth (5.5 m) in the burial and control cores revealed that these communities were highly 
distinct from each other, suggesting that the composition of the burial core community was 
influenced by the presence of the organic load from the decaying animals. Assigning taxa to 
functional classes based on their known metabolic activities revealed that microorganisms 
associated with ammonium oxidation, nitrogen fixation, denitrification, and nitrite oxidation were 
concentrated closer to the surface (up to 2.5 m below grade), while organisms associated with 
phosphorus accumulation increased steadily from the surface to 2.5 m below grade, then 
became much less abundant (Fig. 6 & 7). Organisms associated with sulfate reduction peaked 
below the burial core at 4.5-4.8 m (Figure 6), consistent with a higher concentration of sulfate at 
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these depths (data not shown). Many of the samples from the burial core had organisms 
associated with metal ion reduction, with a peak at 5.5 m suggestive of a reducing environment 
produced by the organic load from above. In particular, the sample in the burial core at 5.5 m 
had an abundance of organisms resembling Geobacter spp., certain species of which are iron-
reducing microorganisms that oxidize organic material to carbon dioxide (Lovley et al. 1989). In 
contrast, the sample from the control core at the same depth was dominated by members of the 
Lactobacillales, especially Lactobacillus spp. (Fig. 5). 
 
Figure 4.  Total bacteria per gram of soil comparison between background core and burial core. 
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Figure 5.  Order-level taxonomic profile. 
  
 
Figure 6.  Sulfate reduction functional class categorization. 
 
 
 
Figure 7.  Functional class categorization by metabolic activity. 
0
2000
4000
6000
8000
10000
12000
0.75 1.5 2.5 3.75 4.5 4.8 5.5 6.5 7.5 Bkgd
5.5
N
or
m
al
iz
ed
 Co
un
ts
Core Depth (m)
Sulfate Reduction
0
500
1000
1500
2000
2500
3000
3500
4000
0.75 1.5 2.5 3.75 4.5 4.8 5.5 6.5 7.5 Bkgd
5.5
N
or
m
al
iz
ed
 Co
un
ts
Core Depth (m)
Phosphate
Accumulating
Denitrification
Nitrite Oxidizing
Nitrogen Fixation
Metal Reduction
  
Conclusion 
Quantitative PCR has shown that there are three orders of magnitude more genomes per gram 
of soil in the livestock burial trench than in similar depths in a background core.  The results also 
demonstrate consistent quantities of genomes in the topsoil as well as greater than 6 meters 
below the topsoil. The organic load caused by the burial of the animals appears to have 
influenced the composition of the microbial communities below the burial site. Samples taken 
from the same depth as the burial site predominantly consisted of anaerobic microorganisms, 
while microbial communities below the burial site were numerically dominated by organisms 
associated with sulfate and iron reduction. These results indicate that molecular methods, 
including total genome quantification by qPCR and pyrosequencing, can be useful for 
determining microbial community composition and bacterial abundance in soil cores, enabling 
the correlation of chemical and physical data with biological functionality.  
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Abstract. In the U.S. the use of composting to manage on-farm swine mortality has increased from 
10.5 to 35.9% from 1994 to 2006 (USDA:APHIS, VS, CEAH 2001 and 2007). Traditionally, the most 
popular method of composting has been the open static pile (OSP) in bins, piles, or windrows, with 
management of primary, secondary and curing stages. In recent years, in-vessel (IV) systems have 
been used increasingly; of which the most popular are rotating drums. The objective for this work 
was to estimate the economic costs of the OSP and IV animal tissue composting systems and 
compare them to the costs of other methods of managing routine mortality. The economic costs of 
OSP and IV mortality composting systems were evaluated using a case study approach involving 
two Michigan farrow-to-wean operations of 3300 and 2500 sows, respectively.  At the time of this 
writing both operations are in full production. The OSP system used on the one farm consists of six 
3.66 x 6.71 x 1.83 m, three-sided bins with concrete floor. The IV system used on the other farm is a 
horizontal rotating drum system (1.22 m in diameter and 12.8 m long). There was no roof over the 
bins. Using the $ per unit of weight of mortality estimates derived and stipulating that the composting 
system would be sized appropriately, sited efficiently, and operated at maximum capacity, a 2000-
head finishing operation would generate about 9435 kg of mortality annually and have annual costs 
of $1,012 or $1,416 if an OSP or IV system was used, respectively. 
Keywords. Mortality, composting, in-vessel, open static pile, energy consumption and economic 
costs.  
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Introduction 
Unfortunately, mortality is a reality of any livestock operation. Some 2 to 10% of all animals 
hatched or born on the farm, or brought onto the farm to be grown-out, do not leave the farm 
destined for market to become a food product. Proper mortality management is critical for 
sustainable animal production. State laws and regulations stipulate legal means of mortality 
management and in recent years more options for routine on-farm mortality management have 
become available including: burial, incineration, rendering, landfill, composting, and anaerobic 
digestion. Furthermore, within composting, producers must determine which composting system 
is most suitable for their enterprise. Traditionally, open static pile (OSP) composting has been 
done in bins. In-vessel (IV) composting of mortality has become available more recently and 
offers benefits not realized with OSP composting. Cost comparisons for various mortality 
management systems, including OPS and IV composting, help animal owners make informed 
decisions about what management approach would best fit their operation. 
Materials and Methods 
The economic costs of OSP and IV mortality composting systems were evaluated using a case 
study approach involving two Michigan farrow-to-wean operations of 3300 and 2500 sows, 
respectively. Information was gathered directly from the two farms currently utilizing the different 
composting systems. 
The OSP system used on the first farm consists of six 3.66 x 6.71 x 1.83 m, three-sided bins 
with concrete floor and a 7.62 x 22.86 m concrete apron in front of the bins. There was no roof 
over the bins. Bulking agent is stored in one of the bins. Compost batches are initially 
established in 2 bins over a 30-day period. Employees separate carcasses of young and adult 
pigs in to different compost batches when at all possible. Bins with small pig carcasses are 
turned twice, at 30 days, and again at 60 to 90 day of composting. Bins or batches with adult 
pigs are turned three times, 30, 60 and at 90 to 120 days of composting. With the last turn, the 
material is moved to a temporary in-field stack; to be spread on the fields at a future date. 
Bones are collected and recycled at all turns and composted further, until brittle. Since the 
composting facility is not covered and subject to precipitation, runoff is collected and directed to 
earthen manure storage. 
The IV system used on the second farm is a horizontal rotating drum system, being 1.22 m in 
diameter and 12.8 m long. It is located about 30 m from the animal buildings. It is operated 
continuous flow with mortality loaded and compost material discharged from the unit on a daily 
basis.  Clean dried-wood shavings are added in proportion to the amount of mortality added 
(0.0044 m3 of shavings per kg of mortality). However, most of the time, finished compost is also 
used, and then the ratio is 0.00094 m3 of shavings and 0.0034 m3 finished compost per kg of 
mortality (about 1 bag of new shavings, which is 0.252 m3 or 0.33 yd3, per 272 kg or 600 lb sow 
carcass). The stainless steel insulated (R8) drum has openings for aeration. To obtain optimal 
aeration during operation, filling to more than 75% of capacity is avoided. The number of daily 
rotations varies by season, more in summer and less in winter (average about 10 per day 
annually). Consequently, retention time also varies, about 7 days in summer and 14 days in 
winter. Likewise, electrical use would be twice as much in summer. If too much moisture has 
been added or not enough shavings, then moisture can leak out of the unit. The number of 
revolutions and amount of added moisture are adjusted by the operator and is based on the 
temperature of the product within the drum and the appearance of the compost being 
discharged. Material reaches the discharge end in less than a week. Compost material is 
screened when exiting the IV unit to separate bones from fine, carbonaceous material. The 
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bones are reintroduced into the IV unit for further composting. The remainder of the compost is 
stacked in the open-sided pole building with mono-slope roof. It stays there for about 5 to 6 
months, where it is turned inconsistently, before being spread on cropland as a soil amendment. 
If mortality rate is greater than “normal” and IV unit capacity is exceeded for a short period, the 
farm places extra mortalities into a short-term OSP. When mortality rate decreases once again 
and within the IV unit’s normal loading recommendations, the farm puts compost material from 
the short-term OSP into the IV unit. 
Fixed costs include depreciation, interest (5%) on the remaining (un-depreciated) value, 
insurance (0.005% of replacement value of equipment - IV unit and tractor, and 0.01% of the 
OSP and IV unit physical structures ), repairs (0.01% of purchase price), and taxes (average 23 
mills). For our estimations, both systems were given an estimated useful life of 15 years. To 
provide a legitimate comparison to the estimate of Henry et al. (2010) a similar definition of fixed 
costs was used. These authors stated that fixed costs included: depreciation, interest on the un-
depreciated balance of the item, repairs, property taxes, and insurance. 
Operating costs include: tractor loader fuel, electric (IV system only), custom tractor and manure 
spreader, labor and bulking agent. 
The tractor loader is used for the removal of mortality from the production facility, the loading of 
bins and the IV unit, the movement of compost material from bin to bin for aeration, and from IV 
unit discharge to piles for further composting, the movement of recycled compost to new 
batches of compost, and for loading the manure spreader when moving compost to fields. Fuel 
used by the tractor loader differs only because of hours this equipment is used on the two 
farms; 182.5 verses 273 for the IV and OSP systems, respectively. For this estimate, an 80 hp 
tractor at 65% maximum power 50% of the time and idle speed the remainder, will use 10.6 L 
per hr. Fuel was priced delivered to farm (a.k.a. off-road) at $0.898 per liter ($3.40 per gallon) 
on April 24, 2012. 
No electricity was used in the OSP system. Electricity cost for operating the IV unit was 
estimated using a run time of 20 minutes per revolution and 10 revolutions per day. This is the 
summer operation plan, with fewer rotations completed in the winter in order to retain more heat 
in the compost. A 1 hp motor drives the movement of the drum. An electrical use of 1216 kwh 
was estimate using the default 82% efficiency rating (Productive Energy Solutions, 2012). 
Electricity was priced at $0.11/kwh. 
The labor cost per hr is $15.75 and includes the employer’s portion of SS, Medicare, health 
insurance, and other monetary benefits. The amount of labor used per year was 273 and 182 
hr, for OSP and IV farms, respectively.  
On a per unit of mortality or finished compost weight or volume basis, the costs associated with 
the removal of mortality from the production facility and those for the use of a tractor and 
spreader for hauling finished compost to cropland, are assumed to be equal for all composting 
systems. Custom compost spreading (tractor and spreader) is $75/hr and 6.0 t spread per hour, 
using a weight reduction ratio of 0.83 (i.e. every 1.0 kg of mortality results in 0.83 kg of finished 
compost; Henry et al., 2010). Spreading compost on the field requires about 13.9 hr and 16.8 hr 
per year for the two farms and is directly a reflection of size of the operation and mortality rate. 
The only other cost incurred by both farms was that of bulking agent. Turkey brooder bedding is 
used as the primary bulking agent (approximately 0.75 m3 per day) in the OSP system. The cost 
of this material is estimated to be $2.68 per m3. The farm does not buy new sawdust for 
mortality composting, but if it were to do so, the price of clean dried sawdust was priced at $8.50 
m3 (bulk) on April 24, 2012. The IV system uses approximately 1 bag of new shavings per day. 
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Price of amendment per bag is $3.50 per bag (0.252 m3), with bags being used exclusively for 
in-vessel composting. 
For the purpose of comparison, the costs of using other mortality management systems were 
determined using recently published extension materials and by interviewing two Michigan dead 
animal dealers and the management of two Michigan animal enterprises. This case-study 
information was gathered in 2011 and 2012 using hand-written or electronic correspondence, 
and phone interviews.   
Results and Discussion 
The cost comparison of these two systems and to the “low investment” OSP system of Henry et 
al. (2010) is shown in Table 1. Using a 15-yr life for both systems, the annual cost per lb of 
mortality is less for the OSP systems as compared to the IV system. Both Michigan case farms 
were operated less expensively (per unit of mortality) than the Nebraska system described by 
Henry et al. (2010). Energy cost was $0.003 less for the IV system.  Energy use is greater with 
use of a tractor loader and diesel fuel. 
Table 1. Budgeted annual costs for two different mortality composting systems (in-vessel and 
open static pile) and the low investment composting bin system as reported by Henry et al. 
(2010). 
 In-vessel Open static pile UNL-2010 
System description    
Mortality per year, kg 99,337 121,939 18,144 
Composting system IV unit, concrete pad, 
7.32 x 7.92 m open-
sided pole building with 
mono-slope roof, 
concrete floor, 1.83 m
high concrete walls 
6 bins, each is 3.66 x 
6.71 x 1.83 m, 
concrete floor, no 
roof and 7.62 x 22.86 
m concrete apron 
bins, concrete floor 
and bin walls 1.83 m 
high, no roof, no 
apron (low 
investment) 
Capital investment $62,000 $21,150 $7,465 
Machinery needed Tractor loader Tractor loader Skid steer loader, 
tractor and manure 
spreader 
Labor, hr per year 182.5 273 125.9 
Bulking agent 92 m3 @ $13.90/m3 209 m3 @ $4.58/m3 61.2 m3 @ $9.81/m3
Annual costs    
Fixed costs    
Composting system $6,706.00 $2,488.50 $1,020.22 
Tractor loader $1,152.05 $1,152.05 $622.57 
Operating costs    
Fuel and (or) electricity $1,866.47 $2,598.96 $415.05 
Custom tractor and 
manure spreader 
$1,030.62 $1,265.12 Included above; not 
separated out 
Labor $2,874.00 $4,300.00 $1,888.20 
Other $1,277.50 $1,277.50 $600.00 
Total annual cost $14,906.65  $13,082.13 $4,546.04 
Cost/kg mortality $0.1501  $0.1073 $0.4793 
Energy cost/kg mortality 0.0188 $0.0213 Not estimated 
Using the $ per kg of mortality estimates derived in the case study, and stipulating that the 
composting system is sized appropriately, sited efficiently, and operated at maximum capacity, 
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a commonly operated 2000-head finishing operation would generate about 9435 kg of mortality 
annually and have annual costs of  $1,012 or $1,416 if an OSP or IV system was used, 
respectively. This estimation was made assuming that 2.6 groups would be fed annually, 
mortality rate would average 2.5%, and the average dead animal weight would be 72.6 kg. 
Costs on other farms may vary because of differences in mass of mortality (rate and weight), 
differences in composting system (composting facilities and equipment and siting relative to 
production units), and management (frequency of aeration and carbon sources utilized). 
The cost of routine on-farm mortality management is an important consideration when choosing 
a plan to follow. The assessment of the costs associated with other routine on-farm mortality 
management systems follows, and is intended for comparison to the swine systems evaluated 
herein, and to help animal owners make informed decisions about what mortality management 
method may best fit their operation. 
Anaerobic digestion. There are no farms in Michigan, or any other known in the U.S., who are 
using anaerobic digestion as their sole mortality management system. Thus, an annual cost or 
cost per unit of mortality is not available. Processing is recommended prior to introduction into 
the anaerobic digesters in order to reduce dead animal size. Particle size reduction to less than 
2 inches in size improves heat transfer and exposes surface area for biological activity.  
Burial. Estimating a cost of burial per unit of mortality is difficult as the factors to be considered 
(daily amount of mortality, availability of equipment, distance to the grave site, and season, and 
site selection) vary substantially. Often burial on the farm may just be one carcass on a daily or 
less frequent basis. An individual or a common grave may be used, and Michigan’s Bodies of 
Dead Animals (BODA) Act 239 of 1982 (Michigan Department of Agriculture, Animal Industry 
Division, 2008) requires that carcasses must be buried within 24 hours of death and beneath 
two feet of soil in either type of grave. In Table 2 the costs of three different approaches to 
managing burial are shown for the commonly operated 2000-head finishing operation described 
above. The advantage of a common grave is less backhoe operation time to dig a large trench. 
From start to finish, it is assumed to take 0.5 hr to bury a carcass in an individual grave, 0.25 hr 
to bury a carcass in a common grave, and 1 hr to dig a common grave each month. 
Table 2. Estimated costs of burial for 2000-head finishing operation using variations of custom 
hire and owned equipment. 
Item 
Custom 
backhoe, 
individual 
graves 
Custom 
backhoe and 
owned loader, 
common grave 
Owned 
backhoe with 
loader, 
common grave
Backhoe time, hr (0.5 hr per carcass) 65 12 44.5 
Custom backhoe cost,$84.50/hra $5,492.50 $1,014.00 - 
Tractor loader time, hr (0.25 hr per carcass) - 32.5 - 
Tractor loader annual operating costb 
(purchased used at $25,500) 
- $461.29 - 
Own backhoe annual operating costb 
(purchased used at $15,000)  
- - $1,240.64 
Labor, $15.75/hr - $511.88 $700.88 
Total annual cost  $5,492.50 $1987.17 $1,941.52 
Cost/kg mortality $0.5821 $0.2106 $0.2058 
a Iowa State University Custom Rate Bulletin (2012) 
b Includes 15-yr depreciation, interest (5% of value and 25% allocated to burial), insurance 
(premium - 0.01% of replacement value), repairs (0.01% of purchase price), taxes (avg. 23 
mills), and fuel (10.6 L per hour at $0.898/L at the farm on April 25, 2012). 
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Dead animal dealers. This service is provided in parts of Michigan depending on volume and 
consistency of mortality. Dealers are paid for the cost of their service (including transportation 
and disposal in either rendering or landfill). The typical minimum charge was $50 to $100. Size 
of animal was described as a price consideration. For example the following additional specific 
pick-up price per carcass was noted: horse = $80 to $90; cow = $60 to $70; hog = $15 to $25; 
and calf = $10 to $20. 
Incineration.  For a farm with 18,144 kg of mortality per year the University of Nebraska (Henry 
et al., 2010) has provided guidance in estimating the cost of mortality management using 
incineration to be $0.3385 per kg or $6,144 total annually. Specific costs were: new incinerator 
cost of $7,626; 10 minutes of labor per day; and $3857 of diesel fuel used each year ($0.898 
per liter at the farm on April 25, 2012). 
Landfill. Depending on local and the willingness of the landfill company to accept animal 
carcasses, the “land filling” of mortality is an option for some animal producers. This would be a 
direct arrangement with a garbage hauler and the landfill, and not involve a dead animal dealer. 
In order to follow the 24-hour rule, as written in Michigan’s BODA, on-farm storage is required 
using a freezer, refrigerator, or temporary composting dumpster or rolloff.  Most farms use a 
tightly sealed dumpster to temporarily compost the mortality for 2 to 4 days prior to pickup by 
the garbage hauler. Carcasses are covered with a bulking agent as they are added to the 
dumpster. Typically the temporary composting dumpster is picked-up twice a week during the 
summer and once a week during the months of November through March as the colder 
temperatures limit decomposition and the emanation of odors from the dumpster. The cost per 
pick-up ranges from $60 to $100 depending on the volume or dumpster size. 
For a turkey farm with about 1.1 million total birds and rearing to an average of 19 kg, an annual 
cost of $26,000 was provided in response to our survey, and included the bulking agent, pickup 
and tipping fees. This equates to about $0.0251 per kg of turkey mortality in this farm system. 
For a 3,200 head grow-finishing hog farm, the cost of this mortality management system was 
approximately $3,250 annually, or about $0.2418 per kg of mortality experienced; again this 
reported cost included the bulking agent, pickup and tipping fees. 
Producers pay the monthly hauling and landfill fees regardless if mortality is delivered or not. 
Utilizing a local garbage hauler results in a smaller tipping fee at the landfill since they can 
coordinate the hauling of full truck loads and since the temporary composting dumpsters are 
received as normal garbage and not sorted-out specifically as mortality. This system is very 
convenient and minimal operating costs. There are no capital investments. Alternatively, the 
farmer may choose to deliver mortality directly to some land fills and be charged a mortality fee. 
Direct farmer delivery rates vary and are typically greater than standard tipping rates used for 
garbage haulers and a system involving temporarily composted material. For direct delivery, the 
farmer would need to own a truck and appropriate containers for the “enclosed” hauling of 
carcasses. In this system and all others, it is important to have strict biosecurity practices in 
place to prevent movement of disease back to the farm. The cost of doing so is assumed to be 
part of the labor contribution to operating expenses.  
Implications 
The costs of open-static pile composting in bins and composting in-vessel have been compared 
and the in-vessel system found to be 28.5% more expensive on a unit of mortality basis. The 
costs of composting in open static piles formed in windrows or overlapping piles on a surfaced 
pad were not considered in this study. Both of these approaches would likely require less facility 
cost and be less expensive. Incineration, removal by dead animal dealer, burial, and the 
temporary composting of small carcasses for landfills are estimated to be slightly-to-significantly 
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more expensive per unit of mortality than composting.  Convenience remains a major 
consideration when selecting a management system for routine mortalities on the farm; as does 
avoidance of aesthetic nuisance to neighbors. Key factors influencing this cost will be 
economies of scale, management and maximizing throughput, and the longevity of the system. 
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Disposal	Planning	With	Landfills	
By:	Anna	M.	Ruman,	USDA/APHIS/VS	
As	the	Area	Emergency	Coordinator	with	Veterinary	Services	covering	Illinois,	Indiana,	Wisconsin,	
and	 Minnesota,	 a	 need	 was	 identified	 to	 have	 some	 agreements	 in	 place	 with	 local	 landfills	 for	
animal	disposal.	Many	 local	 landfills	are	hesitant	to	accept	animal	carcasses	mostly	due	to	 lack	of	
knowledge	and	fears	of	some	sort	of	backlash	whether	real	or	imagined.	
Many	landfills	are	owned	by	a	larger	company	with	nationwide	contacts	and	capabilities.	In	order	
to	 quell	 the	 “lack	 of	 knowledge”	 issue,	 a	 major	 landfill	 company	 was	 approached	 and	 asked	
specifically	about	accepting	 foot	and	mouth	diseased	animals	 into	 their	 landfills.	 Since	 this	was	a	
novel	concept,	documentation	regarding	this	virus	was	sent	to	their	analysis	team.	Information	was	
gathered	from	several	sources	to	include	how	the	virus	reacts	to	conditions	which	may	be	similar	to	
the	landfill	environment.		
The	company’s	initial	application	packet	included	a	“Non‐hazardous	Waste	Profile”	sheet	that	they	
assisted	 in	 filling	 out.	 Upon	 review	 of	 the	 profile	 sheet	 and	 attached	 disease	 information,	 they	
agreed	 to	 accept	 FMD	 infected	 animals	 into	 their	 landfills.	 Further	 actions	 include	 reaching	 a	
financial	agreement	and	approaching	other	diseases	in	the	same	manner.	This	process	helped	the	
landfills	to	feel	comfortable	with	the	type	of	diseased	animal	they	would	be	receiving	and	fills	the	
need	for	pre‐planning	for	large	scale	animal	emergencies.	
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United	States	Dead	Animal	Disposal	Laws	
	
Mary	Schwarz,	Cornell	Waste	Management	Institute		
	
Regulations	and	laws	concerning	the	disposal	of	dead	animals	in	the	United	States,	whether	from	normal	mortality,	
disease	outbreak	or	natural	disaster,	vary.	Some	of	these	laws	date	back	to	1963	when	burial	within	24	hours	of	
death	at	least	3	feet	underground	and	with	a	layer	of	quicklime	to	disinfect	was	the	only	option.	These	laws	are	not	
always	based	on	scientific	information	regarding	environmental	and	public	health	and	safety.	In	addition,	in	many	
cases,	more	than	one	department	within	the	State	government	is	responsible	for	oversight	of	these	laws	and	they	
are	not	necessarily	coordinated.	This	poster	was	designed	to	give	an	overview	of	the	laws/policies	that	the	authors	
were	able	to	find	online	concerning	dead	animal	disposal	in	the	United	States.	This	information	may	be	useful	in	
facilitating	the	development	of	workable	carcass	disposal	solutions	that	are	based	on	the	lowest	risk	to	both	people	
and	the	environment.	In	addition,	an	interactive	dead	animal	disposal	law	map	was	developed	using	Google	maps	
to	 allow	 those	 seeking	 information	 on	 disposal	 laws	 and	 regulations	 in	 the	 United	 States	 to	 click	 and	 find	
(http://cwmi.css.cornell.edu/DeadMaps3.html).	 	The	map	is	searchable	with	categories	that	include	state,	agency	
responsible,	 year	 the	 law/regulation	was	 effective,	 and	 by	 the	 different	 disposal	methods.	 Clicking	 on	 an	 entry	
yields	an	 information	box	with	 the	name	and	address	of	 the	agency	 responsible	and	 the	 code	or	document	 that	
pertains	to	dead	animal	disposal	including	the	name,	year,	website,	premise	of	the	code,	and	the	disposal	options	
addressed	in	that	code.		
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US Butcher Waste and Mortality Disposal Laws 
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Laws and Regulations 
Concerning Butcher Waste 
and Mortality Disposal in 
the United States 
4th International Symposium on Managing 
Animal Mortality, Products,  
By-products and Associated Health Risk:. 
Dearborn, MI  
May, 21-24, 2012 
Overview 
Regulations and laws concerning the disposal of dead animals, whether it be from normal mortality, 
disease outbreak or natural disaster vary. Some of these laws date back to 1963 when burial within 24 
hours of death at least 3 feet underground and with a layer of quicklime to disinfect was the only option. 
These laws are not always based on scientific information regarding environmental and public health and 
safety. Since then, although other options are available, such as composting, digestion and alkaline 
hydrolysis, regulatory agencies have not necessarily embraced them. In addition, in many cases, more 
than one department within the State government is responsible for oversight of these laws and they are 
not necessarily coordinated. 
This poster was designed to give an overview of the laws/policies that the authors were able to find 
online concerning dead animal disposal in the United States. This information may be useful in facilitating 
the development of workable carcass disposal solutions that are based on the lowest risk to both people 
and the environment. 
An interactive disposal law map was developed using 
google maps to allow those seeking information on 
disposal laws and regulations in the United States to 
click and find. The map is searchable with categories 
that include State, Agency Responsible, Year the 
law/regulation was effective, or updated, and by the 
different disposal methods. 
Clicking on one of the entries yields an information box 
with the name and address of the overseeing Agency 
and the code or document that pertains to mortality 
disposal including the name, year, website, premise of 
the code, and the disposal options addressed in that 
code. 
Disposal Law Finder Tool 
Clicking on Virginia DEQ gives the following information: 
Example: Search by Compost; Show Yes: 
 yields 66 documents for 43 states 
Other Searches 
Regulation of dead animal disposal in 24 states is done by the Department of Agriculture, 
while 14 of them split the oversight with the Department of the Environment, because 
mortalities are considered solid waste. 
Department of Agriculture 
Search: Agency Show: Extension 
In addition to regulation, 25 states refer livestock producers to educational 
materials produced by Cooperative Extension as Best Management Practices 
(BMP) for mortality disposal - this number is up from 19 in 2006. 
States with Extension Publications 
Disposal Options 
The most common disposal options are burial, burning or incineration, composting, 
rendering and landfilling. 
1 CA does not allow animals that have died from contagious disease to be rendered 
2 The only mention of rendering in NJ law is for swine that have died from cholera 
3 Composting of mammalian tissue is prohibited in California 
4 Composting is mentioned ONLY in a NC extension publication, not in any laws/regulations 
5 In NM, incineration is mentioned ONLY in an extension publication, not in any laws/regulations 
6 In NY, incineration is mentioned only in relation to animals that die from Anthrax 
7 CA does not allow animals that have died from infectious disease to be landfilled 
8 NJ regulations basically say that dead animals need to be managed in the same manner as any 
other agricultural waste, but does not give you any methods other than rendering for swine that 
died from cholera. 
Other Methods 
26 States offer other methods which include: 
• Extrusion – AR, GA, TX 
• Boiling – KY, WV 
• Digestion – GA, ID, LA, WA 
• Natural Decomposition – ID, OR, WA 
• Alkaline Hydrolysis – ND 
• Lactic Acid Fermentation (for preservation 
until rendered) – FL, GA 
• Feeding to alligators, fur animals or exotics – 
MS, GA, IN 
• Other methods as approved – 18 states 
 
Conclusions 
Ultimately, disposal should be done in a 
manner that protects public health and 
safety, prevents adverse effects on water 
and air quality, does not create a nuisance, 
and prevents the spread of disease. 
Working together, laws and regulations can 
be made based on scientific research and 
information. These laws should not remain 
static, but should be reviewed every few 
years to ensure that new information is 
heeded and new technologies are being 
used. 
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The Matrix Effect of Thermophilic Anaerobic Digestion (TAD) on 
Decontamination of Infectious Laryngotracheitis Virus (ILTV) 
Using Real-Time PCR and Viral Cell Culture 
 
Tiejun Gaoa, Evelyn Bowlbyb, Yupin Tonga, John Wub, Lester Wongb, Darren Achtymichuka, 
Leann Hingera, Kimberly Alcorna, Sheila Lia, Trevor Nickela and Xiaoli Pangc 
 
aHimark BioGas Inc., 6004-118 Street; bFood Safety Division, Alberta Agriculture and Rural 
Development, 6909-116 Street; cDepartment of Laboratory Medicine and Pathology, University of 
Alberta, Edmonton, Alberta, Canada T6G 2E1 
  
The mortality caused by ILTV outbreaks can exceed 50% of the population in a concentrated feeding 
practice. Exudates from diseased birds and the carcasses create a reservoir for virus in the 
environment. There is an urgent need for cost-effective methods to treat poultry biowaste 
contaminated by ILVT and other pathogens, and to disposal of associated mortality for food safety. 
The matrix effect of TAD process on decontamination of ILTV was evaluated in this study. Viral cell 
culture and real-time PCR were used for assessing removal of the infectivity of virus and degradation 
of viral core DNA, respectively. Results showed that the TAD derived matrix alone could disinfect the 
virus and destroy the nucleic acid helix of viral core in a time-and dose-dependent manner. No 
cytopathogenic effect (CPE) was observed in the cells exposing to ILT virus pre-treated with TAD 
matrix for 1.5 hours. 
There was significantly statistical difference between TAD matrix treated and non-treated cultures 
(p<0.001, Chi-test). Amplifiable ILT viral DNA was reduced 2.27 log between 0.5 and 1.5 hr-
treatment, and was not present by16 hr-treatment with TAD matrix, indicating a complete viral target 
DNA fragmentation. TAD process is an environmentally friendly way for disposing and 
decontaminating poultry mortality caused by infectious agents while creating value-added products, 
such as biogas as renewable energy and biosolids as pathogen-free fertilizer. A mobile unit for 
pathogen decontamination (IMUS-p) was built by Himark team, and will be deployed for on-site trial 
for disposal the mortality caused by outbreaks of ILTV and other infectious agents. 
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BEST MANAGEMENT PRACTICES 
FOR 
ANIMAL CARCASS COMPOSTING 
 
Bill Seekins  
Maine Department of Agriculture 
October, 2011 
 
Introduction 
 
Maine’s Animal Carcass Disposal Rules, Chapter 211, allow for the use of composting as 
a method for managing animal carcasses generated on farms and farm operations. (The 
rules also apply to composting of pets and other domestic animals.)  When the rules were 
drafted and adopted in 1996, composting was applied primarily to poultry and other small 
animals.  As a result of the Foot and Mouth Disease outbreak in Great Britain in 2001 and 
other disasters that left hundreds or even thousands of large animal carcasses, there has 
been interest in extending this methodology to larger animals. 
 
Research and demonstration work has been conducted in Maine and in several other 
states since that time. Work by the Maine Compost Team (see references) demonstrated 
that large animal carcasses can be successfully composted using a variety of compost 
feedstocks.   The research led to the development of the approach called ‘Pre-condition 
and Turn’ which has been tried on a variety of different carcass types.  This work has 
shown that composting is a feasible and in many cases a preferable approach to managing 
larger carcasses.  In many situations, burial is discouraged due to shallow soils or water 
tables near the surface or due to any number of other factors that render a site unsuitable 
for burial.  Often, these same sites may be used for composting.  One advantage often 
cited is the ability to reuse the compost site over and over, unlike burial sites which 
should not be used again for many years. 
 
The 2011 update to Chapter 211 contains references to a number of carcass composting 
techniques and sets standards for siting and operation of each.  This document contains 
the basic information on materials and pile construction and management techniques 
needed to properly implement several of these composting approaches.  Special attention 
is given to the technique that is referred to as the ‘Pre-condition and Turn Method’ since 
that appears to be the most versatile method of composting animal carcasses and applies 
to the widest range of circumstances.  Two other techniques, the static pile and the turned 
windrow, are also discussed.   Information on how to set up and manage a Maryland Bin 
system is also described.  Anyone interested in pursuing that approach will find more 
detailed information available in publications listed in the Bibliography. 
 
This set of best management practices (BMPs) is the accumulation of information about 
composting techniques that have been found to be environmentally sound, economical to 
implement and are unlikely to result in significant nuisance problems if carried out 
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properly.  As with any new area of research and demonstration, there is still much to be 
learned about this process, so that updates of these BMPs are likely over time. 
 
Definitions 
 
 Animal Carcass(es) - Body(ies) or body parts of dead animals, including but not limited 
to pets, livestock and poultry.  Carcasses may be mixed with manure and bedding or 
other organic materials which cannot be separated from the animal carcasses. 
 
Animals/ carcasses, Large- Animals such as cows and horses weighing 500 lbs or more. 
 
Animals/ Carcasses, Medium-size - Animals such as sheep, goats and deer weighing 
between 100 and 500 lbs. 
 
Animals/ carcasses, Small - Animals which weigh 100 lbs. or less.  
 
BMP - Best Management Practice - The term "Best Management Practice," or BMP, 
originated in the Clean Water Act of 1972, and is now commonly used in the language of 
environmental management.  In agriculture, these are  practices, methods or techniques 
that have been found by the Commissioner of Agriculture to be the most effective and 
practical means in achieving an objective (such as preventing or minimizing pollution or 
negative impacts on human or animal health) while making the optimum use of the farm's 
resources.  
 
BMP, General - Best Management Practices that have been approved by the 
Commissioner of Agriculture for general use.  A list of general BMPs serves as a menu 
of acceptable options that the farmer, business owner or individual may choose from.  
Not all general BMPs would apply to any specific situation. 
 
BMP, Site Specific - Best Management Practices that are developed or approved by the 
Commissioner of Agriculture to resolve specific problems based on the conditions 
observed on a particular site. 
 
Bulking Agent - Relatively dry porous material used to give a compost pile structure and 
to absorb moisture.  Most bulking agents are relatively high in carbon and so are also a 
carbon source.  Examples of bulking agents are sawdust, shavings, dry animal bedding 
and straw. 
 
Compost Medium/Material - The relatively dry bulky organic material that forms the 
matrix within which carcasses or offal are composted. 
 
Composting - The biological decomposition and stabilization of organic matter under 
mostly aerobic conditions of high temperature (120°F or higher). When oxygen, 
moisture, nitrogen and carbon are available in the right proportions, the degradation 
generates considerable quantities of heat, reaching temperatures of 130° to 170° F.  This 
sustained high temperature is responsible for the virtually complete destruction of 
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pathogenic organisms and weed seeds in the composted material.  The process also 
results in a humus-like product that has its nutrients in a much more stable form than the 
uncomposted wastes making it safer and easier to store and use. 
 
Chronic Wasting Disease -A neurological disease of members of the deer family. (See 
Transmissable Spongiform Encephalopathy (TSE)) 
 
Emergency - An unexpected occurrence or set of circumstances demanding immediate 
action, eg. fire, major disease outbreak, flood, etc. An emergency exists when multiple 
carcasses result from a single, unplanned occurrence, such as a fire, disease outbreak, 
flood or other disaster. 
 
Offal - Unwanted or unused body parts remaining from butchering or slaughtering 
animals. 
 
Scrapie - A neurological disease of sheep and goats. (See Transmissable Spongiform 
Encephalopathy (TSE)) 
 
Transmissable Spongiform Encephalopathy (TSE) - One of several similar neurologic 
diseases thought to be caused by a mis-folded protein (prion) in the nervous tissue which 
results in slow degeneration of the nervous system and ultimately in death. These 
diseases include Scrapie, ‘Mad Cow Disease’ and Chronic Wasting Disease. 
 
 
Applicability.   
 
The primary approach described in this document is the ‘pre-condition and turn’ method 
of composting that has been developed as a result of the research noted above.  This 
approach is suitable for composting large animal carcasses as well as smaller animals. It 
may also be adapted for composting animal parts such as those generated from 
slaughterhouses and butcher shops.  The pre-condition and turn approach is well suited to 
either routine disposal or large scale disaster disposal situations.     Although the other 
methods described may be used in all these situations, each has certain limitations in 
some scenarios.  For example, the Maryland Bin System would be impractical to set up in 
an emergency situation since there would not be time to pour cement and construct 
enough bins to handle a large mortality event.  On the other hand, the turned windrow 
system does not lend itself well to composting large carcasses unless they have been cut 
into smaller pieces that can be mixed with a compost medium and turned. In instances 
where the carcasses are the result of a disease outbreak, certain materials and methods are 
preferred over others.  These will be identified in the sections addressing these items.  
 
 
Description of Composting Systems 
 
Several compost systems are available.  The most common are the University of 
Maryland Compost Bin System, the turned windrow system, the aerated static pile 
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system, the pre-condition and turn system and in-house composting. A less common 
approach is the use of some type of in-vessel system. 
 
 a. University of Maryland Bin System - The University of Maryland Bin 
Composting System uses wooden or concrete block bins to compost poultry, other small 
carcasses or poultry offal.  The composting is done in two active stages plus a curing 
stage.  This system only applies to small carcasses or small body parts.  (Other bin 
systems are also possible.) 
 
 b. Turned Windrow - The turned windrow system is an approach, in which the 
compost mixture is placed in rows and turned periodically during the compost cycle.  The 
turning action supplies oxygen through gas exchange, thereby creating natural 
ventilation.  The frequent turning insures the production of a uniform product at the end 
of the compost process.  Success with this system depends on the ability to achieve a 
thorough mix and aeration through repeated turning. This system only applies to small 
carcasses, small body parts or ground carcasses. 
 
 c. Static Pile - The static pile method uses a pile of composting material that is 
not agitated or turned.  The initial thorough mixing of the carcasses or body parts with the 
compost media is essential to create a uniform mix and contact between all carcasses and 
the media.  Porosity in the pile must be sufficient to allow proper air flow and effective 
composting.  Aerobic conditions are maintained by natural ventilation of the pile that is 
enhanced by using materials that maintain a relatively high pile porosity.  The pile is 
covered with an insulating blanket of four to six inches of finished compost, compost 
media, or other suitable material to ensure proper temperatures are attained at outer edges 
of pile.  This approach applies primarily to poultry and other small carcasses. 
 
 d. Aerated Static Pile - In the aerated static pile method (also known as the 
Beltsville Method or Rutgers Method), the compost is not agitated or turned.  The initial 
mixing of the carcasses with the bulking agent must be sufficient to allow proper air flow 
and effective composting.  Aerobic conditions are maintained by mechanically drawing, 
or blowing air through the pile.  The pile is covered with an insulating blanket of four to 
six inches of finished compost, compost media, or other suitable material to ensure 
proper temperatures are attained at outer edges of pile.  This approach applies primarily 
to poultry and other small carcasses. 
 
 e. Precondition and Turn Method - The pre-condition and turn system was 
developed specifically for management of animal carcasses and slaughterhouse wastes.  
In this method, the carcass or body parts are placed between layers of dry absorbent 
bedding or other compost media.  The carcasses or body parts are then allowed to 
decompose without disturbance for a period of time, which varies with carcass size and 
other factors. (See Table 1.)  Once this pre-conditioning period is done, the pile or 
windrow is then turned similar to the turned windrow system.  This method may be used 
for both routine and emergency situations and for both large and small carcasses and 
slaughterhouse wastes (offal) of all types.  It has the advantage that early in the process, 
the carcasses or offal remain buried deeply in the compost media until a significant 
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amount of decomposition has occurred.  This significantly reduces nuisances in these 
early stages, but allows the advantages of thorough mixing and aeration in the later 
stages. 
 
 f. In-house Composting - This option uses one of the windrow or pile based 
compost methods such as the turned windrow or the pre-condition and turn approaches 
except that the windrow or pile would be formed inside the barn using the litter from the 
barn and, usually, some additional bulking agent as the compost medium.  This approach 
applies primarily to poultry that are raised on the floor of the poultry barn with litter 
although it could also be used for other small or medium size animals kept in loose 
housing. 
 
 g. In-vessel Composting - Many different in-vessel compost systems have been 
developed for a variety of purposes.  Some are static systems with air introduced with 
blowers.  Others are mechanically agitated or tumbled to mix and aerate the contents.  
The common factor in all these systems is that the composting is done within a container. 
Several compost systems that incorporate some type of vessel in the compost process are 
available.  Most of these systems use some form of active aeration to provide the needed 
oxygen. One system that has been used to compost poultry.mortalities from an avian 
influenza outbreak utilized the large plastic ‘bags’ designed for feed storage with aeration 
tubes inside.  These systems offer the advantage that they are completely enclosed and so 
promise greater control over odors, vectors and loss of leachate than open windrow 
methods.  Most of these systems are best suited to small carcasses or carcasses that have 
been ground or cut into pieces.  
 
Siting Carcass Compost Operations 
 
Because carcass composting has the potential to impact the environment, most states 
have standards for locating carcass compost sites.  The standards include setback 
distances to sensitive features such as water bodies and separation distances to 
groundwater and bedrock.  Maine’s standards are spelled out in Tables 4 through 8 at the 
end of the Chapter 211 Rules. Composters are advised to check with the standards for 
their own state prior to establishing a carcass compost site. 
Here is some general guidance in siting a compost facility: 
 
1. Excess water is the composter’s enemy.  Setting up your site to be sure that the 
compost is never sitting in water and that your equipment is not working in mud is a key 
to successful composting. 
 
2. The soil or other working surface should have a minimum slope of 2 percent and a 
maximum slope of 6 percent that slopes to move water off from the site rather than let is 
stand.  Sites on natural soils need to have a little more slope than paved sites since ruts 
are more likely on the soil surface. 
 
3. Composting sites should be located as near the source of carcasses as practical and in 
accordance with the regulatory setback requirements. (For Maine composters, the 
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requirements are laid out in the Carcass Disposal Rules, Chapter 211.) Whenever 
possible, the siting should also be done so that the prevailing winds will not carry odors 
from the site to nearby neighbors. 
 
4. Surface water should be diverted away from the facility. 
 
5. The compost pad and any area surrounding it that will have equipment traffic should 
be designed so that it can handle traffic involved in the compost process. 
 
6. You should have a vegetated filter strip or other approved area downslope from the 
compost pad to receive and treat any leachate or runoff that might be generated. 
 
Space Requirements  
 
Once a potential compost site has been identified, the amount of space required to 
accommodate the number of carcasses should be calculated.  See Diagram 1 for guidance 
in doing this calculation for large animal carcasses. For medium size carcasses, assume 
that the space requirements per animal will be about half those for a large carcass. Space 
requirements for small carcasses should be based on an animal unit basis, where each 
1000 lbs of small carcasses is the equivalent of one animal unit.  The guidance in 
Diagram 3  may be used to estimate space for small animal carcasses by replacing one 
carcass with one animal unit.  Once this is done, the site should be checked to be sure 
sufficient space is available.  If it is not, an additional area(s) will need to be identified.  
 
 
Materials/ Compost Media for Animal Carcass and Offal Composting 
 
The media used for composting carcasses or offal should provide the conditions that will 
support hot aerobic composting 
 
Characteristics: Animal carcasses and offal can be successfully composted in a variety of 
media.  The ability to achieve temperatures proven to kill most pathogens will depend 
more on the conditions in the media than on the source of the media.  Those conditions 
that appear to be most conducive to rapid and sustained heating are: 
 
 
a. Porosity – The compost media should have sufficient porosity that it will allow air 
to be drawn into the pile through natural ventilation but not so porous as to cause 
excessive drying or cooling.  Piles with a predominance of very fine textures or 
very wet materials fail to heat due to lack of oxygen.  Piles with a very high 
porosity, such as wood chips, heat rapidly but are unable to sustain the high 
temperatures.  Mixtures having a large proportion of particles between 1/8 inch 
and one inch appear to give the optimum results. 
 
b. C:N ratio – As with all composting, piles with C:N ratios too high (over 40:1) 
tend to heat slower than those with a lower C:N.  In order to accommodate the 
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nitrogen from the carcass, the C:N ratio in the compost media should be between 
25:1 and 50:1, with the preferred range being between 25:1 and 40:1. 
 
c. Moisture - The compost media should have a moisture content between 40 and 
65% with the preferred range being between 50 and 60%.  This may be assessed 
through the use of the squeeze test or other acceptable test procedures.  A material 
that is so wet that water will run out when squeezed is not likely to aerate well 
and will result in anaerobic conditions in the pile. 
 
d. Biological activity - The compost media should be biologically active such that 
it will reach temperatures of at least 120°F when placed in a pile at least 6 ft (two 
meters) in diameter and 3.5 ft (one meter) high.  Materials such as sawdust or 
woodchips that have limited biological activity and will not heat on their own 
should be amended with other ingredients (such as manure or waste feed) to 
create a biologically active environment. 
 
e. Age of material – The compost media for carcass composting should be fresh, 
active material. Materials that have been composting for several months do not 
have the amount of energy or activity needed to sustain the temperatures within 
the carcasses when compared to relatively fresh active compost piles. 
 
Compost Media Recommendations for Animal Carcasses.  The following media have 
been tested and found to give excellent results for composting animal carcasses and offal: 
 
• hot municipal sludge compost  
• fresh dry horse bedding  
• mixture of waste feed ( 1/4  to 1/3 of the mix) and dry horse, heifer or calf 
bedding(2/3 to 3/4 of the mix) 
• mixture of fresh fall leaves and poultry manure (in a ratio of 10 to 1 leaves to 
manure) 
 
NOTE: Hot municipal sludge compost is recommended in emergency situations in the 
State of Maine since it is readily available in large quantities and has been proven to 
create the conditions necessary to compost both large and small carcasses.  
 
Any other media that meets the requirements in the section above should also perform 
well for composting either carcasses or offal. 
 
 
Compost Management  
 
 Processes.  Several compost systems or processes are discussed in this document. 
The process recommended for most situations  may be described as a static compost pile 
followed by the turned windrow method.  In Maine, this has been named the 
‘Precondition and Turn Method’ of composting.  In this system, a large carcass or 
carcasses would be placed in a pile of actively composting material and allowed to 
 8 
Maine - BMPs for Animal Carcass Composting 
 
decompose undisturbed for up to 10 to 12 weeks.  (This can be shorter if investigation of 
the pile shows that very little soft tissue remains.) Other systems discussed in later 
sections include the static pile system, turned windrow system, the Maryland Bin System, 
in-vessel composting and in-house composting. 
 
 Turning.   Compost piles are often turned to mix the various ingredients and to 
introduce air space to allow for aeration.  This may be done with a tractor or other piece 
of equipment with a loader.  Compost turning machines that are designed specifically for 
this purpose are also available..  Turning may be problematic early in the compost 
process because of the difficulty of moving the carcasses while keeping them properly 
covered.  Many compost turners would not be able to turn an object the size of a large 
farm animal while it was intact.   After turning, care should be taken to make sure there is 
no soft tissue on the surface of the pile.  Bones on the surface of the pile with any soft 
tissue should be reburied in the compost pile immediately. (Note: Static pile systems and 
many in-vessel systems do not include turning as part of the process.) 
 
 Odor, insect and vector control .  Animal carcass compost sites and operations 
should be managed to minimize odors and the attraction of insects and other vectors.  The 
first step toward doing this would be to make sure no carcass is left uncovered long 
enough to attract vectors.  Generally, if carcasses are covered within 6 hours vector 
attraction will be minimal.  Offal, however, is more odorous so that it attracts vectors 
quicker and should be covered as soon as possible.  (Note: Maine’s carcass disposal rules, 
Chapter 211 require that carcasses be covered within 24 hours and that offal be covered 
within four hours.). Proper pile construction with sufficient material both below and 
above the carcass is critical.  (See pile construction section.)   Good pile management and 
good housekeeping are also very important.  As the carcass(es) decomposes, especially 
within the first 5 or 6 days, the pile is likely to settle dramatically.  It is essential to check 
the pile and re-cover any part of the carcass(es) that may become exposed.  The settling 
process may also create cracks in the material, especially just above the carcass(es).  
These cracks should be filled since they can form channels for odor to escape the pile, 
attracting insects, birds, dogs and other scavengers. 
 
In some cases, it may be necessary to discourage animals such as turkeys, dogs or 
coyotes from digging in fresh piles.  Draping the orange plastic ‘safety fencing’ over 
freshly built piles has proven to be an effective deterrent to digging. 
  
 Types of Carcasses.  Compost techniques have been successfully used with adult 
cattle, calves, horses, pigs, sheep, poultry and other less common types of farm animals.  
Some work has also shown success with composting large marine mammals.  At this 
time, composting is not being recommended for the disposal of animals showing 
symptoms of neurological diseases such as Chronic Wasting Disease or Scrapies.  
Research is currently being done to assess the extent of destruction of the causal agent for 
these types of diseases so this recommendation may change in the future. 
 
 Carcass Preparation .  In general, no preparation is necessary for the most 
compost systems to  work.  In many cases there are a couple of steps that may be taken to 
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enhance the composting process.  1. Venting the abdomen of large animals helps reduce 
bloating and so reduces the chance of exposure of parts of the carcass in the first few 
days of the compost process. For cattle, effort should be made to vent the abdomen in 
several places since a single vent hole will not release gas from all parts of the abdomen.   
2. Some farms have reported that cutting a large carcass, such as a dairy cow in half or 
quarters speeds up the decomposition process.  A modification of this would be to split 
open the abdomen to allow more contact with air and the compost mixture. 
 
Neither venting nor cutting isrequired for the overall success of this process.  In the case 
of carcasses with highly contagious diseases, such as Foot and Mouth Disease, it is 
recommended that the carcasses not be vented or cut in order to minimize the chance of 
transferring the disease organism. 
 
If large or medium size carcasses are to be composted using a turned windrow system, 
then grinding the carcasses or reducing them to smaller pieces in some way is highly 
recommended.  Otherwise turning will be very difficult at the outset.   
 
Pile Construction and Management.   
 
Proper pile construction is a key to composting animal carcasses without causing 
environmental problems or nuisances.  Diagrams 2 and 3 illustrate the recommended 
approach to constructing compost windrows for large animal carcasses.  Diagrams 4 
through 6 illustrate the recommended layout for medium size carcasses, small carcasses 
and offal, respectively.  Diagrams 7 through 9 illustrate the layout for Turned Windrow, 
Static Pile and Maryland Bin systems. 
 
Taking Temperatures 
 
Systematically taking and recording temperatures is an important tool in managing any 
kind of compost pile.  Here are the MAINE COMPOST SCHOOL 
RECOMMENDATIONS for taking pile temperatures: 
 
 
1. For a Windrow: 
TAKE 5 OR MORE READINGS FOR EACH WINDROW 
READINGS SHOULD BE EVENLY SPACED ALONG THE WINDROW 
RECORD INDIVIDUAL READINGS AND AVERAGE FOR THE WINDROW 
TAKE READINGS FROM SAME LOCATIONS EACH DAY! 
 
2. For a Round Pile: 
TAKE 2 OR MORE READINGS  
READINGS SHOULD BE FROM OPPOSITE SIDES OF PILE 
RECORD INDIVIDUAL READINGS AND AVERAGE FOR THE PILE 
TAKE READINGS FROM SAME LOCATIONS EACH DAY!  
 
3. At each location, TAKE TEMPERATURES AT DEPTHS OF 
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1 FOOT(30 cm) - HOTTEST LEVEL  
3 FOOT (1 meter) OR CORE 
RECORD TEMPS AT EACH DEPTH SEPARATELY 
 
 
You should record the pile temperatures as often as possible, preferably every day 
you are on the compost site.  Keep in mind that you will need to keep records at least 
until a pile meets the time/temperature requirements in CHAPTER 211. In addition to 
pile temperatures, you should record management information such as pile turning or 
addition of water or other ingredients.  To complete the record, you should keep track 
of any rainfall or other significant weather event that has happened since the last time 
temperatures were recorded.  This will help in interpreting your temperature data 
when you look at it at a later date. 
 
Meeting Time/Temperature Standards. 
 
In order to distribute compost made from animal carcasses to the public, the compost 
process must meet certain time and temperature standards.  These standards differ 
depending on the type of compost system being used.  Maine’s time/temperature 
standards as laid out in Chapter 211 are as follows: 
 
1. Maryland Bin Composters -: Temperature shall be monitored and recorded on a 
daily basis at least until the time/temperature standard has been met.  Temperature 
readings shall be taken at a point near the center of the bin.    The compost shall attain 
a minimum temperature of 131° F (55° C) for a minimum of one day in Stage I and 
for a minimum of three days in Stage II.  Batches that fail to meet this temperature 
requirement shall be incorporated into subsequent batches and re-composted or be 
spread on the owner’s land; 
 
2 Windrow Composting Method - Temperature shall reach a minimum of 131° F 
(55° C) for at least 15 days during the composting period.  During the high 
temperature period there must be a minimum of five (5) turnings of the pile.  Once 
this temperature requirement is met, the windrow shall be turned at least once per 
week.  Once the temperature in the windrow drops below 110°F and does not increase 
after turning, the windrow may be placed in a curing pile. 
 
3. Static Pile or Aerated Static Pile.. The pile shall be maintained at a temperature 
of 131° F (55° C) or greater for at least three (3) days at both the three foot and one 
foot depths in the pile.  Detention time in the static pile or aerated static pile shall be 
at least 21 days, after which the pile may be dismantled and moved to curing; 
 
4. Pre-Condition and Turn Method. The compost shall attain a minimum 
temperature of 131° F (55° C) at the three foot depth at each location for a minimum 
of three days in the pre-condition stage (Stage I) or for a minimum of fifteen days at 
either depth during the turning stage (Stage II).  The windrow must be turned at least 
five times during the high temperature period.   
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5. In-vessel Compost Systems. The contents of the vessel shall be maintained at a 
temperature of 131° F (55° C) or greater for at least three (3) days throughout the 
vessel. The composting mixture shall remain in the vessel until all soft tissue is gone 
but in no case shall it be retained for less than 21 days, after which the contents may 
be removed to a compost pile or placed in curing; 
 
 
 Minimum Volumes 
 
For all composting methods other than the Maryland Bin System, a minimum pile 
volume of five (5) cubic yards is required for the process to be effective. Piles with larger 
carcasses will, of course, require a much larger volume in order to adequately cover the 
carcass (es).  See the pile construction diagrams at the end of this document for guidance 
in estimating volumes needed. 
 
Curing 
 
For all compost systems, the compost should be cured for three(3) to six(6) months once 
the active compost phase has been completed or after the pile has cooled to less than 110° 
F(43°C).  Compost that is to be field applied may be utilized immediately after the active 
compost stage or may be cured for a shorter time before use. 
 
Pre-condition and Turn Method Step by Step Process 
  
Step 1. Lay out a bed of dry compost media mix.  It is important to make sure there is at 
least 18 inches of dry absorbent material below the carcass.  This minimizes the amount 
of fluids that are released as the animal decomposes from reaching the ground water or 
exiting the pile.  The bed of material upon which the carcass is laid, should extend at least 
two feet beyond the carcass in every direction.  For most dairy cows, this would require a 
bed about 8’ by 10’ – 12’.  The size will need to be adjusted based on the size of the 
carcass.   
 
If multiple carcasses are to be composted at the same time, the base of a windrow can be 
formed by creating a bed about 8 to 10 feet wide and as long as needed to accommodate 
the number of animals to be composted.  See Diagram 1. 
 
Step 2. Place the carcass on the bed of compost material.  The carcass should be laid on 
its side to reduce the chance that the legs will be exposed as the pile settles.  For a single 
animal, the carcass should be oriented so that the length of the body is going lengthwise 
of the pile.  
 
If multiple carcasses are to be composted at the same time, a windrow can be formed.  It 
is recommended that carcasses be laid at right angles to the orientation of the windrow 
and placed so the body of one overlaps the legs of the adjacent carcass.  This helps reduce 
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the overall length of the windrow needed and the amount of compost material needed.  
See Diagram 1. 
 
Step 3. Prepare carcass, if desired.  This is the most convenient point in the process to 
vent the carcass, open it up or to insert a thermometer, if any of those steps are to be 
taken. 
 
Step 4. Cover carcass(es) with at least two feet of compost material.  To be sure that at 
least two feet of cover is present over all parts of the carcass, the equipment operator or 
preferably someone working on the ground should probe all parts of the pile to determine 
how deep the carcass is buried.  A three foot long compost thermometer makes a good 
probe, as does a length of sharpened steel rebar.  Any type of rod that is at least three feet 
long and has a tapered end will work. 
 
When composting carcasses in the winter, additional cover material will be needed to 
maintain pile temperatures.  An additional six to twelve inches of cover material will 
insulate the pile and allow the core of the pile to stay warm and active for much of the 
winter. 
 
Step 5. Monitor the pile regularly, especially for the first 4 or 5 days.  An active carcass 
compost pile will change dramatically over the first week of composting.  Piles often 
settle a foot or more and sometimes develop cracks that can lead to odors and attract 
animals and insects to the pile. 
 
Step 6. Maintain the pile as needed.  If a crack appears in the pile or if any of the carcass 
becomes exposed, or if there is any animal activity, the pile will need to be repaired.  This 
usually consists of either raking material into the cracks or adding more material to cover 
exposed parts and to discourage scavengers.  Any of these conditions should be corrected 
as soon as possible since they can lead to greater problems if left uncorrected. 
 
Step 7.  Pre-condition the carcass(es).  To do this, allow the pile to compost undisturbed 
for for several days to several weeks depending on size and type of carcass or offal.  See 
the table below for suggested lengths of time for different carcass types.  The pile may be 
left for up to six months if turning is impractical at the end of the pre-condition period.  
Some piles may be ready to turn in shorter time.  This can be determined by digging into 
the pile to determine the level of decomposition.  The length of the pre-condition period 
can vary considerably based on the level of energy in the compost medium, the size of 
the carcass and the time of year. 
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TABLE 1 SUGGESTED LENGTH OF PRE-CONDITION PERIOD FOR 
CARCASSES AND OFFAL 
 
 
Type of Material    Length of Pre-condition Period 
       (Days) 
Poultry offal      7 to 10 
Large animal offal     20 to 25 
Large animal offal with bones   25 to 40 
Poultry and other small carcasses   25 to 35 
Deer, goats, sheep and mid size carcasses  35 to 45 
Cows, horses and other large carcasses  40 to 90 
 
Note that these suggested pre-conditioning time periods are based on the use of an active, 
hot compost medium.  Pre-conditioning times may increase dramatically if the medium is 
old, wet, extremely dense or otherwise inhibited in activity. 
 
Step 8.  Turn the pile or windrow.  The pile or windrow may be turned with a bucket 
loader, excavator or any other piece of equipment that will lift, fluff and mix the material.  
A compost turning machine would be ideal for this purpose.  Turning should be done 
about once a week for as long as the average pile temperature is above 110° F.  At least 
two turnings are recommended even if the temperatures are below 110° F when it is time 
to turn the pile or windrow for the first time. For more detail on determining turning 
schedules, see the section on Aeration for Turned Windrows. 
 
Step 9. Cure the compost.  Once the pile has cooled to less than 110° F (43°C), it may be 
placed in a larger stockpile to cure.  Curing normally takes from 3 to 6 months after the 
active compost stage is done.  Compost that is to be field applied may be cured for a 
shorter time or applied immediately after the active composting stage. 
 
Turned Windrow.  
 
In general, a turned windrow system is not recommended for fresh whole large or 
medium size carcasses for a number of reasons.  A turned windrow may be used, 
however, if grinding equipment with sufficient capacity to handle a whole carcass is 
available.  A turned windrow may be used for smaller animals such as chickens since it 
may be possible to mix them with the compost media and then be turned on a regular 
basis.  In order to avoid nuisance and vector problems, it would be necessary to pick up 
any carcasses that fall out of the windrow during turning and then re-bury them in the 
compost media.  The windrows may have to be re-covered with compost following the 
first few turns to make sure that all carcasses are buried deeply enough in the pile.  This 
extra work of repeated burying and covering makes the turned windrow system an 
unattractive option for most farms.  (See the On-Farm Composting Handbook for details 
on managing a turned windrow compost system.) 
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Mixing for Turned Windrows.  The mixing of ingredients in a turned windrow may be 
done in two ways.  If a mixing device such as a feed mix wagon is available, the compost 
materials may be premixed prior to forming them into a windrow.  This approach is 
preferred for carcass composting since the carcass(es) can be buried in a fully mixed 
medium at the start.  If no mixing device is available, the ingredients can be laid out as in 
Diagram 7 and then mixed with a bucket loader or windrow turner.  
 
Pile Construction for Turned Windrows.  Windrows that will be turned may be laid out 
the same as those that will be managed using the pre-condition and turn system.  See 
Diagrams 2 through 6 for windrows built using a pre-mixed compost medium.  Or they 
may be laid out as in Diagram 7 if the ingredients in the medium are not going to be pre-
mixed. 
 
Aeration for Turned Windrows.  Aeration in a windrow system in general occurs as a 
result of the natural intake of air along the sides of the windrow as the pile heats and 
vents the hot air out the top of the windrow.  The ease with which this happens depends 
on the porosity of the compost medium.  As the windrow or pile composts, it settles, thus 
increasing compaction and reducing porosity.  Periodically, it it necessary to fluff up the 
compost material to re-introduce the air space into the pile to allow it to continue to 
‘breathe’.  This can be done by lifting and fluffing the material with a loader of some type 
or by turning it with a compost turner. 
 
The frequency of turning in a turned windrow system can be determined based on time or 
on temperature.  The initial turning schedule, however, may be determined by the need to 
meet certain regulatory requirements.  In Maine, the Chapter 211 rules require that 
carcass compost being managed by the turned windrow method must achieve a 
temperature of 131° F (55°C).for a minimum of 15 days and that it will be turned at least 
five times while the temperature is at or above 131° F (55°C).   
 
After this regulatory requirement has been met, the windrow or pile will still need to be 
turned periodically in order to facilitate the aeration process and maintain pile 
temperatures.  Generally, if a windrow is turned once a week as long as temperatures 
remain at or above 110° F, the aeration needs will be met. 
 
Those who want to base turning on temperatures may use the following rules of thumb to 
guide turning decisions: 
• Turn whenever there is a significant drop in pile temperature from one day to 
the next and no external cause is apparent. 
• Turn whenever the pile temperature exceeds some temperature threshold.  An 
example might be to turn any time the temperature exceeds 160°F. 
• Turn if the temperature reading at the one foot depth in the pile is more than 
twenty degrees F hotter than the three foot temperature. 
 
For additional details on how to construct and manage a Turned Windrow System refer to 
the ‘On-farm Composting Handbook’.  
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Curing.  Curing in a turned windrow system is similar to curing in the pre-condition and 
turn system. Once the pile has cooled to less than 110° F (43°C), it may be placed in a 
larger stockpile to cure.  Curing normally takes from 3 to 6 months after the active 
compost stage is done.  Compost that is to be field applied may be cured for a shorter 
time or applied immediately after the active composting stage. 
 
Static Pile and Aerated Static Pile 
 
Mixing for Static Piles 
Thorough up-front mixing of the compost ingredients is essential for success in static 
compost systems since the material remains undisturbed throughout the active 
composting phase of the process.  This means that the ingredients must either be placed 
in a mixing device in the right proportions (see section on compost media) or layered in 
the right proportions and mixed with a loader.  For static pile systems, a mixing device 
such as a feed mix wagon is highly recommended since a much more uniform mixture 
can be created than with a bucket loader. 
 
Pile Construction for Static Piles 
Once a thorough mix of ingredients, including the carcasses or parts, has been achieved, 
they should be laid out as shown in the Diagram 8.  It is important that once the pile has 
been formed, a layer of compost, compost media or other dry bulky material be placed 
over the mixture.  This layer not only insulates the pile allowing it to heat throughout, but 
acts as odor control.  If sufficient cover material is not used, animals are likely to be 
attracted to the piles. 
 
Aeration for Static Piles 
Aeration for static piles may be either passive or active.  The difference is that in active 
aeration, a blower would be used to blow or draw air through the compost mixture, while 
passive aeration depends on the natural flow of air in the pile caused by the heating of the 
material. 
 
Passively Aerated 
Passive aeration depends on the pile maintaining sufficient porosity throughout the 
compost process to allow the pile to naturally draw air in through the pile sides.  In order 
for this to happen, the original mix must be made up of materials that will resist 
compacting  as the pile settles and reduces in size.  Generally, this means that there are 
components such as wood chips or coarse wood shavings that will continue to provide air 
spaces as the process progresses.  A relatively low starting bulk density (about 800 lbs 
per cubic yard) for the mix will also be a benefit.  Passively aerated piles may include 
aeration pipes under the piles to try to improve the amount of air flow in the pile.  Results 
using aeration pipes under passively aerated carcass compost piles has had mixed results.  
Although early pile temperatures may be higher when using the aeration pipes, they have 
also led to more odor and vector issues since the pipes can act as conduits for liquids to 
leave the pile. 
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Actively Aerated 
Actively aerated carcass compost piles would rely on using a similar mixture of 
ingredients as described in the passively aerated compost pile section above.  These 
systems, however, all have either aeration pipes underneath the pile or an air plenum built 
into the floor of the compost area.  These structures allow air to be blown into the pile 
mechanically.  A key to using an actively aerated static pile is determining the number, 
size and scheduling for blowers.  A common rule of thumb is to design a blower system 
to deliver approximately 10 cfm (cubic feet per minute) of air per dry ton of composting 
material based on continuous airflow.  (Delivery rate would need to be higher for 
intermittent aeration schemes.)  Blowers for this type of system generally are in the 1/3 to 
1/2 hp size range.  The ‘On-farm Composting Handbook’ has details on how to construct 
and manage an aerated static pile 
 
Length of Time in Pile 
Most regulations, including Maine’s Chapter 211, that determine the minimum standards 
for carcass composting require that static piles remain undisturbed for 21 days or more.  
The rules then allow the compost to be moved to curing piles.  Experience has shown that 
meeting this standard will result in pathogen and weed seed kill and will significantly 
reduce the vector attraction but the composting process is far from finished.  Generally, 
temperatures in the static pile will still be well over 130°F (55°C) at the end of the 21 day 
period.  Longer compost periods are recommended if a stable final product is the goal. 
 
Curing 
Curing is especially important for compost produced using either of the static pile 
systems since experience has shown that the material is not uniformly composted at the 
end of the nominal active composting period and may contain very immature active 
material in some locations.  Allowing it to cure for three to six months will allow harmful 
constituents in the immature compost such as ammonia or volatile organic acids to 
further break down prior to use.  For the curing to be effective, however, the compost 
needs to be moved from the original location and actively mixed and re-piled to allow the 
various parts of the pile to be homogenized. 
 
Bin Systems.  
 
 A permanent bin system may be set up to accommodate routine mortalities on a farm.  
Generally, bins are sized and used for carcasses that are 300 lbs or less.  Some mid-
western farm operations, however, have successfully composted cow carcasses using 
large concrete bins with built in air ducts or temporary bins made from large round bales 
of hay.  The dimensions of the bins should be determined based on the size of the 
carcasses to be composted and the equipment that would be used to unload the bins.  (See 
reference section for publications about designing, building and managing bin compost 
systems.) One of the most commonly used bin systems was developed for the broiler 
industry by the University of Maryland.  That system is used throughout the Southeastern 
United States for the disposal of poultry.  Some of the basics are given below.  More 
information on bin design, construction and management may be found in several 
references in the Bibliography. 
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Maryland Bin System 
 
The University of Maryland Bin Composting System uses wooden (or sometimes 
concrete block) bins to compost poultry carcasses. The composting is done in two active 
stages plus a curing stage. Stage I begins by placing a 6" layer of dry poultry manure in 
the bottom of a bin then placing a 6" layer of straw, chopped hay or other loose bulking 
material, then poultry carcasses and a layer of manure. The straw, carcass, manure 
sequence is repeated until the bin is full.  (See Diagram 9.)  It is then allowed to compost 
for 7-10 days. 
 
Stage II begins when the material that has been composting 7-10 days is moved into a 
second bin. The moving should be done so as to mix and loosen the material as much as 
possible. 
 
After the material has been in the second bin for approximately 10 days, the highly active 
composting period is complete. The material may then be moved to a curing pile for 30 
days. 
 
1. Bin Construction - The compost bins must be built of decay-resistant wood or other 
durable materials. They are built on an impervious base and most have a roof to keep out 
excess moisture. Plans for bin construction are available from several sources (See 
Bibliography.) 
 
Bins are typically 5' high, 5' deep and 8'+/- wide, with the width of the bin planned to 
accommodate the size of the equipment used to load and unload each bin. The second 
stage, or secondary composter, may consist of individual bins or one bin of the size 
equivalent to the sum of the individual bins. 
 
2. Bin Volume - For each stage of the composting process, storage volume is calculated 
as follows: 
 
a.Volume (cf) = Number of birds in flock x Design Factor (See Table 2) 
 
b.Number of bins per stage = volume (from above) (cf)/volume of one bin (cf) 
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TABLE 2.  DESIGN FACTORS FOR SIZING COMPOSTING BINS* 
 
Poultry Type Design Factor 
  cu. ft./bird 
 
Broiler   0.0105 
Roaster 
• females  0.0071 
• males  0.0214 
Laying Hens  0.0035 
Breeding Hens  0.0048 
Breeders - Male  0.0238 
Turkey 
• female  0.0196 
• tom  0.0468 
• feather production  0.0741 
 
*From SNTC Bulletin S210-0-05 
 
 
3. Operation of Maryland Bin systems 
 
a. Temperature should be monitored on a daily basis. Temperature should peak at 
130° to 140° F in each stage of the composting process.  
 
b. At the end of each day that carcasses are placed in the bin, they should be 
covered with manure and bulking agent to reduce odor, fly and vermin 
problems. 
 
c. The Compost mixture normally remains in primary (Stage I) bin for a minimum 
of seven (7) days after bin is filled and a minimum of seven (7) days in the 
secondary (Stage II) bin. After leaving the secondary (Stage II) bin, the compost 
should remain in a curing pile for at least 30 days before use or distribution.  
The material will still be active at this point. 
 
d. To avoid fly and odor problems, carcasses should be placed at least 6" from the 
sides of composting bins. 
 
e. The compost medium ingredients that are recommended by the University of 
Maryland age given in the table below. See the section on compost materials for 
additional ideas for materials that may be used. 
 
f. Moisture in the composting material should be checked periodically and water 
added if it is not moist to the touch. 
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Composting Mix Ratio Recommendations for the Maryland Bin System 
 
The mix ratio recommended by the University of Maryland and the Natural Resources 
Conservation Service is given below in Table 3. 
 
TABLE 3.  MIX RATIO RECOMMENDATIONS FOR MARYLAND BIN SYSTEM* 
 
 Parts by  Parts by 
Component  Volume  Weight  C:N Ratio 
 
Chicken Manure  1.5 1.2 15:1 
 
Dead Birds  1.0 1.0  5:1 
 
Straw (Bulking Agent) 1.0 0.1 50:1 to 300:1 
 
Water * 
 
*A mixture that has enough moisture (50-65 percent) to feel moist to the touch but not so 
moist that water can be wrung out should be about right, i.e. it should feel like a 
"damp sponge" to the touch. 
 
Final Disposition of Compost 
 
Compost produced from animal carcasses or animal body parts may only be distributed to 
the public if the operation has temperature records to show that the batch under 
consideration has met the time/temperature standards for the specific composting system 
being used .(See section ‘Meeting Time/Temperature Standards’ for a list of these 
standards.) 
 
Compost that has not met the appropriate time/temperature standard or for which there is 
no record indicating that it has met the standard may be spread on the owner’s own fields.  
It may also be incorporated into other batches of compost and re-composted in order to 
meet the time/temperature standard. 
 
Compost that has met the standards may be used for any purpose for which it is suitable 
based on its agronomic characteristics. 
 
Management of Bones 
 
In most compost piles, the soft tissue from the carcass will disappear much more quickly 
than the larger bones.  This means that the operator must be prepared to manage the 
bones in the finished product. This can be done by one of the following methods: 
 
1. Grinding the bones/compost mix so that the bone particles become a part of the final 
product. 
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2. Screening out the bones from the final product.  The separated bones may be buried, 
added to another active compost pile and re-composted, ground up for use as a calcium-
rich soil amendment or even burned. 
 
3. Spread compost including bones on land.  The compost product with bones may be 
spread on forest land or agricultural fields.   Consideration should be given to possible 
impact of large bones on equipment that may be operated on the field in the near future.  
Experience has shown that if compost with bones is spread on tilled ground, the tillage 
equipment will break up the bones and incorporate them into the soil.  Spreading bones 
on hay ground, on the other hand, may be undesirable since they can be picked up by the 
haying equipment. 
 
Monitoring 
 
 Visual Inspection.  Carcass compost piles should be visually inspected daily for 
the first week after construction and then at least once a week for the next 10 to 12 
weeks.  It is important to make sure that any maintenance needed is recognized quickly 
and taken care of promptly.    
 
 Temperatures. If distribution of the final product to the public is being 
contemplated, then temperatures must be taken and recorded daily (at least 5 days per 
week) until the time/ temperature standard has been met. ( The procedures for taking 
temperatures are given in the section on taking temperatures on page 10. To be 
meaningful, temperatures should be taken in the same locations each time.  Marking the 
locations for temperatures with a stake, flag or other marker helps make temperature 
taking more consistent. Graphing pile temperatures is a good way to visualize how the 
pile is performing over time and may help in making management decisions in the future. 
 If carcasses are being added to the end of an existing windrow and the time is more than 
2 weeks between successive additions, there should be a gap left and treat the 
continuation as a new windrow for the purpose of taking temperatures and management 
activities. 
 
 Moisture. .Moisture can be checked using a squeeze test  The compost medium 
should be damp to the touch when a small amount is squeezed by hand but not so wet that 
water drips out 
 
Record Keeping 
 
Record keeping is important in composting as in all other farm activities.  Here are some 
records that should be maintained: 
 Location and Date piles built.  It is important, especially if the compost is to be 
distributed to the public, that each batch be identified uniquely.  This unique 
identification, should include the pile location on the site and the start date.  The date 
when the last addition of raw ingredient is made is usually recorded as the start date.  It is 
from that date, that the time/temperature requirements are tracked.  
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 Temperatures. (See sample temperature chart in Appendix.)  Temperature records 
must be maintained if the compost product is to be distributed to the public.  Even if the 
product is to be used on the farm fields, the temperature records are a useful tool in 
evaluating the compost process. 
 
 Disposition of Compost.  If the farm operation is required to have a nutrient 
management plan under Maine law (7 MRSA §4201 – §4209), the farm must maintain a 
record of the disposition of all nutrients, including compost, that were generated on the 
farm or brought on to the farm. Even if a nutrient management plan is not required, there 
should be a record of the final disposition of each batch, whether it is distributed to the 
public or used on the farm’s own fields. 
 
 Emergency Disposal Situations. Chapter 211 requires that for emergency carcass 
disposal situations, the following records shall be kept for at least one year after the 
compost product has been distributed: Location and date piles built, Temperatures 
measured in the compost piles, record of the disposition of the compost. 
 
Biosecurity 
 For Livestock operations, biosecurity has become an important consideration.  
The threat of the spread of highly contagious diseases is ever present.  A compost 
operation on a farm should adhere to biosecurity measures just as other farm operations 
do. (See the references for useful publications on farm biosecurity measures.) Here are 
some biosecurity considerations: 
 
 Good pile construction and maintenance.  For routine mortality, one of the most 
important biosecurity measures is taking care to build the compost pile correctly to 
discourage disease vectors (scavengers) from disturbing the pile.  Likewise, prompt 
maintenance when cracks appear or part of a carcass is exposed is a must.  Take care not 
to use the same equipment for the raw inputs and finished product unless it has been 
cleaned after handling raw materials. 
 
 Large scale disaster .  In cases of where a large number of carcasses must be 
managed quickly, it may be necessary to bring additional equipment, personnel or 
materials onto the farm to handle the larger volume.  Biosecurity protocols should be 
established to minimize the amount of traffic on and off the farm, to ensure proper 
disinfection procedures are used and to limit exposure of livestock to off-farm traffic. 
 
 Disease outbreak. – In the case of a disease outbreak, the farm operation should 
contact their veterinarian as soon as possible to assess the disease.  If the veterinarian 
suspects that it is a reportable disease, he or she will then notify the appropriate state and 
federal animal health authorities for direction on implementing biosecurity measures. 
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Small Backyard Poultry Flocks 
 
Most of the systems or approaches described in this document are intended for use by 
commercial agricultural operations.  Small flock owners should refer to University of 
Maine Cooperative Extension. bulletin: “Safe Disposal of Backyard Poultry Mortalities”. 
(2006) for guidance in disposing of a small number of birds in an emergency. 
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DIMENSIONS OF COMPOST WINDROWS FOR DAIRY COWS.
 
Assumptions: 
1.  There will be two feet of cover 
material beyond the carcass on the 
ends and sides of the windrow. 
 
2.  There will be 18 inches of material 
below and two feet +/- of material over 
the carcass. (more in winter) 
 
3. The back of one carcass may rest on 
the legs of the adjacent carcass. 
 
4. Volume of base material needed is 
determined by the formula: 
 
Vol. = 1.75X + 1.75 where X is the 
number of cows being composted. 
 
Example: for four cows, 
Vol. = 1.75 x 4 + 1.75 = 8.75 cu. yds. 
 
5. Volume of cover material needed will 
be determined by formula: 
 
Vol. = 6X + 6.  where X is the 
number of cows being composted. 
 
Example: for four cows, 
Vol. = 6 x 4 + 6 = 30 cu. yds. 
 
6. Windrow length may be determined 
by formula: 
Length = 4 x X + 4. where X is the 
number of cows being composted. 
 
Example: for four cows 
Length = 4 x 4 + 4 = 20 ft. 
 
7. Use pairs of windrows to save space 
on pad. 
 
8. Windrows run up/down slope with 
slope about 2-4% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 ft Gap 
17 ft  
2 ft 
4 ft 
10 ft to next pair 
of windrows 
DIAGRAM 1. 
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COMPOST WINDROW LAYOUT FOR LARGE ANIMAL CARCASSES 
RUN WINDROWS UP AND DOWN THE SLOPE 
TO ALLOW FOR DRAINAGE 
LEAVE ALLEY BETWEEN WINDROWS FOR AERATION 
AND FOR EQUIPMENT MOVEMENT 
MIN WIDTH –  8 TO 10 FT 
MAX WIDTH = 15 – 18 FT 
HEIGHT = 5 TO 7 FT 
BASE = 18 
INCHES OF 
COMPOST 
MATERIAL 
CARCASS 
COVER WITH AT LEAST 
TWO FEET OF COMPOST 
MATERIAL 
2 FT 
DIAGRAM 2. 
DIAGRAM 3. WINDROW CROSS SECTION FOR LARGE CARCASSES 
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MIN WIDTH = 10 FT 
MAX WIDTH = 15 FT 
HEIGHT = 5 TO 7 FT 
BASE = 18 
INCHES OF 
COMPOST 
MATERIAL 
CARCASS 
COVER WITH AT LEAST 
TWO FEET OF COMPOST 
MATERIAL 
2 FT 
WINDROW CONSTRUCTION for 
MEDIUM SIZE CARCASSES 
1 FT 
WINDROW CROSS SECTION: END VIEW 
2 FT min 
WINDROW CROSS SECTION: SIDE VIEW 
16 FT (approx) 
2 FT min 
18” min 
CARCASSES 
4 FT 
COMPOST MATERIAL 
DIAGRAM 4 
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BASE = 18 
INCHES OF 
COMPOST 
MATERIAL 
MIN WIDTH = 10 FT 
MAX WIDTH = 15 FT 
HEIGHT = 5 TO 7 FT 
CARCASSES 
MIXED WITH 
COMPOST 
MATERIAL 
COVER WITH AT LEAST TWO 
FEET OF BEDDING OR 
COMPOST MATERIAL 
2 FT 
WINDROW CONSTRUCTION for POULTRY 
AND OTHER SMALL CARCASSES 
1 FT 
WINDROW CROSS SECTION: END VIEW 
2 FT min 
WINDROW CROSS SECTION: SIDE VIEW 
50 TO 500 FT 
2 FT min 
18” min 
CARCASSES MIXED 
WITH COMPOST 
MATERIAL COMPOST MATERIAL 
DIAGRAM 5 
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MAX WIDTH = 15 FT 
HEIGHT = 5 TO 7 FT 
BASE = 18+ 
INCHES OF 
BEDDING OR 
BULKING 
AGENT 
ANIMAL PARTS 
1 ft Layers 
COVER WITH AT LEAST 
24 INCHES OF BEDDING 
OR OTHER DRY BULKY 
MATERIAL 
2 FT 
WINDROW CONSTRUCTION for OFFAL 
BERM 
DIAGRAM 6 
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DIAGRAM 7. LAYERING FOR A TURNED WINDROW PRIOR TO TURNING 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DIAGRAM 8 LAYOUT FOR AN AERATED STATIC PILE  
 
 
 
 
 
 
 
 
 
 
BULKING AGENT 
CARCASSES (SMALL) 
ADDITONAL 
BULKING 
AGENT 
10 TO 14 ft 
(3 - 4.25 M) 
OTHER INGREDIENT(S) 
PIPE(S) 
WOODCHIPS OR OTHER BULKY MATERIAL 
COMPOST MIXTURE 
INCLUDING 
CARCASSES OR 
OFFAL 
COVER 
MATERIAL 
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DOUBLE LAYER OF 
POULTRY LITTER 
POULTRY LITTER 
STRAW 
DEAD BIRDS 
6” MINIMUM 
STRAW 
STRAW 
STRAW 
POULTRY LITTER 
POULTRY LITTER 
POULTRY LITTER 
DIAGRAM 9 .LAYERING IN THE MARYLAND BIN COMPOST SYSTEM 
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Abstract. Following the study of livestock mortality leachate chemistry composition, the potential 
impacts of this chemistry on the soil/water systems below a burial site were investigated.  PHREEQC 
was used to assess chemical speciation of the leachate as well as providing a geochemical 
contaminant transport model including ion exchange reactions occurring along the flow path.  The 
speciation of this leachate provides evidence of phosphate and sulphate compounds available for 
potential unattenuated transport.  The PHREEQC transport model demonstrated a highly 
concentrated calcium and magnesium plume forming in front of an ammonium plume due to ion 
exchange occurring on the soil particles.  After 50 years of transport, ammonium concentrations are 
approximately 4% of initial values in a soil with a CEC of 10 meq/100g.  Due to relatively high 
concentrations of ammonium, phosphorus, sulphate and other ions in mortality leachate, transport 
and precipitation of these ions possibly could occur beyond 100 years.  By discussing the 
geochemical implications of livestock mortality burial, scientists and regulators will have more 
information available to perform risk analysis when considering mortality burial as a management 
option either routinely or during a mass mortality event. 
Keywords. Livestock burial, animal mortalities, livestock burial leachate, decomposition leachate 
chemistry, swine burial, bovine burial, poultry burial 
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Introduction 
Upon chemical determination of the leachate produced from a livestock mortality burial pit, the 
characterization of the leachate with regards to ion complexes and reactive transport was of 
importance.  Pratt (2009) evaluated the chemical composition of livestock mortality leachate for 
three species of livestock; bovine, swine and poultry (Table 1).  The major elements found in 
livestock mortality leachate include ammonium, bicarbonate, calcium, magnesium, iron, 
potassium, phosphorus, sulphate, sodium, and chloride along with other trace amounts of other 
elements.   
 
Table 1: Average mortality leachate concentrations per species and total. 
units Poultry Swine Bovine
Total 
Average
Bicarbonate mg/L 39133 48467 50733 46100
Chloride mg/L 2570 2380 2813 2600
pH 6.5 6.7 6.9 6.7
Total Alkalinity mg/L 22500 39700 41600 34600
Ammonium as Nitrogen mg/L 10400 13300 14100 12600
Nitrate + Nitrite Nitrogen mg/L 2.3 3.1 3.8 3.1
Inorganic Carbon mg/L 7697 9533 9947 9100
Organic Carbon mg/L 79000 65000 68000 71000
Aluminum mg/L 0.5 0.5 0.5 0.5
Calcium mg/L 81 48 36 60
Copper mg/L 0.9 1.7 0.6 1.1
Iron mg/L 18 19 18 20
Magnesium mg/L 79 17 18 40
Manganase mg/L 0.5 0.1 0.1 0.2
Phosphorus mg/L 1927 1513 1150 1500
Potassium mg/L 2400 2400 2000 2300
Silicon, soluable mg/L 20 24 26 20
Sodium mg/L 1600 1700 2000 1800
Sulfate mg/L 3970 3900 2900 3600
Sulfur mg/L 1300 1297 963 1200
Zinc mg/L 2.2 1.8 1.7 1.9  
 
To properly aid scientists and regulators in determining suitable sites for mortalities burial, 
leachate characterization is of importance and will help determine whether burial is a viable 
option for carcass disposal on a site to site basis.  Pratt (2009) also provided evidence that the 
livestock mortality leachate chemical composition strength was 2 – 4 times higher than swine 
manure from earthen storages and typical landfill leachate.  An advantage of a mortality burial 
site to that of a manure storage or landfill is that it is not being continuously loaded.  Finite 
source livestock burial sites, depending on site conditions, may or may not have significant risks 
associated with them.  The results of this research will aid in the full characterization of livestock 
mortality leachate and its potential risks to groundwater.       
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Materials and Methods 
Speciation 
PHREEQC (Parkhurst and Appelo 1999) was used to characterize the leachate chemistry as 
well as provide a contaminant transport model including ion exchange.  PHREEQC is a 
computer program available from the U.S. Geological Survey and has the capabilities to provide 
speciation and saturation indices for chemical solutions based on the user’s choice of several 
thermodynamic databases.  The software calculated species distribution for all ions entered and 
saturation indices of the related precipitates and partial pressures of gasses.  To provide a 
representation of the element species that can be present in the mortality leachate, an average 
value from all three species bovine, swine and poultry mortality leachate was used from Pratt 
(2009) and are shown in Table 1.  The thermodynamic database used to calculate the 
speciation comes from Parkhurst and Appelo (1999) and is titled phreeqc.dat. 
 
Transport 
PHREEQC is also used for transport modeling including ion exchange.  The basic equation 
employed by PHREEQC is the advection-reaction-dispersion equation.  Cation exchange 
equilibria were calculated using PHREEQC’s thermodynamic databases which are based on the 
Gaines-Thomas convention.  Due to the flexibility of the software code, other exchange 
equations can be used. Transport is solved in a finite difference technique, while the chemical 
reaction term is calculated separately for each time step (Parkhurst and Appelo 1999).  The 
transport simulation involves a 1-D column defined by a series of cells with the same pore 
volume.  Cell length and time steps are defined to provide the velocity of water moving through 
the cells.  A time step is simulated with an upwind scheme shown in Figure 1 with 
concentrations calculated at the cell center. 
 
 
 
Figure 1: PHREEQC transport scheme. 
 
In order to determine transport model parameters, it was important to assess the amount of 
leachate that could potentially be available for transport.  In a meeting with Saskatchewan 
Agriculture and Food, it was determined that the burial method that would be used for the 
province in an emergency situation would be a trench 2 meters wide by 4 meters in depth 
(Jansen 2006).  To determine the amount of leachate capable of draining from the trench, the 
following was assumed based on an average bovine.  The average weight of a bovine is 545 kg, 
in which seventy percent is water (CFIA 2006).  The Canadian Food Inspection Agency (CFIA) 
has determined that 1.5 m3 is required for burial space of one bovine animal (CFIA 2006).  Final 
moisture content of the decomposed carcass was further assumed to be 50% or similar to 
compost.  The difference between the initial 70% moisture content and the final moisture 
content was assumed to be free to leave the pit.   Using these assumptions, the amount of free 
fluid available for drainage was calculated.  These assumptions equate to approximately 1 m3 of 
leachate available for drainage per meter length of trench, or a 0.5 meter depth of leachate in 
the base of a 2 meter wide trench. 
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The PHREEQC 1-D column was simulated as follows. The column consisted of 50 cells, each 
0.2 m in length for a total column length of 10 meters.  Dispersivity and diffusion coefficients 
were 0.1 m and 9.5 x 10-10 m2/s, respectively.  Cation exchange was also incorporated into the 
model with a CEC value of 10 meq/100g.  The column was equilibrated with a typical 
groundwater from Fonstad (2004) shown in Table 2.  Once equilibration was complete, transport 
of leachate was performed.  The volume of leachate transported was equivalent to 0.14 pore 
volumes of the column or approximately 0.5 m depth of free solution. To evaluate further 
transport of the leachate, transport of sequential volumes of groundwater equal to 0.14 pore 
volumes of the column were completed up to 0.58 more pore volumes.  
 
Table 2: Chemical composition of a groundwater sample (Fonstad 2004) 
 
  units Concentration 
pH  7.4 
Ca mg/L 52 
Mg mg/L 25 
Na mg/L 29 
K mg/L 66 
NH4-N mg/L 0.6 
Alkalinity mg/L 253 
Cl mg/L 29 
SO4 mg/L 82 
P mg/L 0.37 
Fe mg/L 0.55 
Mn mg/L 0.36 
Si mg/L 6 
Sr mg/L 0.48 
 
Results and Discussion 
Speciation 
In order to assess chemical species present in the leachate sample, speciation was performed 
using PHREEQC (Parkhurst and Appelo 1999).  This analysis helped to estimate what chemical 
species are present along with their respective activity in solution.  Average concentrations over 
the last three sample points of the burial pits were used as initial concentrations for speciation.  
Speciation of the mortality leachate chemistry produced the following results shown in Table 3.  
The calculated charge balance by PHREEQC on this solution is approximately eight percent.  
By adjusting alkalinity the charge balance percentage could be lowered to less than one 
percent.  Due to the nature of titration for determining alkalinity, it is possible for these 
concentrations in particular to have errors.  The speciation was then compared to a speciation 
of naturally occurring groundwater from Fonstad (2004).  Groundwater concentrations used in 
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this simulation originate south of Saskatoon, Saskatchewan in a glaciolacustrine deposit and 
are shown in Table 2.  
 
Table 3: PHREEQC Speciation of averaged livestock mortality leachate chemistry 
concentrations. 
Species Molality mg/l Activity Species Molality mg/l Activity
C(4) 8.67E-01 MgH2PO4+ 6.68E-05 8.1 5.33E-05
HCO3- 6.89E-01 41997 4.50E-01 MgSO4 6.38E-05 7.7 8.10E-05
CO2 1.65E-01 7256 2.09E-01 N(-3) 9.56E-01
NaHCO3 1.02E-02 859 1.30E-02 NH4+ 9.34E-01 13080 4.88E-01
CaHCO3+ 9.03E-04 91 5.90E-04 NH4SO4- 2.07E-02 2260 1.65E-02
MgHCO3+ 8.67E-04 74 6.91E-04 NH3 1.10E-03 19 1.39E-03
CO3-2 5.80E-04 35 1.06E-04 Na 8.32E-02
Ca 1.59E-03 Na+ 7.15E-02 1644 5.13E-02
CaHCO3+ 9.03E-04 91 5.90E-04 NaHCO3 1.02E-02 859 1.30E-02
Ca+2 4.15E-04 17 1.03E-04 NaSO4- 8.49E-04 101 6.77E-04
CaHPO4 1.72E-04 23 2.18E-04 NaHPO4- 4.86E-04 58 3.88E-04
CaSO4 4.25E-05 5.8 5.40E-05 P 5.15E-02
CaH2PO4+ 4.11E-05 5.6 3.28E-05 HPO4-2 2.99E-02 2869 3.87E-03
CaCO3 1.44E-05 1.4 1.83E-05 H2PO4- 2.01E-02 1944 1.25E-02
Cl 7.80E-02 NaHPO4- 4.86E-04 58 3.88E-04
Cl- 7.80E-02 2763 4.66E-02 KHPO4- 3.47E-04 47 2.77E-04
Fe(2) 3.81E-04 MgHPO4 2.97E-04 36 3.77E-04
FeHCO3+ 2.57E-04 30 2.04E-04 CaHPO4 1.72E-04 23 2.18E-04
FeHPO4 5.52E-05 8.4 7.01E-05 S(6) 3.98E-02
FeH2PO4+ 3.56E-05 5.4 2.84E-05 NH4SO4- 2.07E-02 2362 1.65E-02
Fe+2 2.23E-05 1.2 4.54E-06 SO4-2 1.73E-02 1660 2.63E-03
FeCO3 9.08E-06 1.1 1.15E-05 KSO4- 8.50E-04 115 6.78E-04
FeSO4 1.67E-06 0.3 2.13E-06 NaSO4- 8.49E-04 101 6.77E-04
K 6.25E-02 MgSO4 6.38E-05 7.7 8.10E-05
K+ 6.13E-02 2391 3.67E-02 CaSO4 4.25E-05 5.8 5.40E-05
KSO4- 8.50E-04 115 6.78E-04 Si 3.54E-04
KHPO4- 3.47E-04 47 2.77E-04 H4SiO4 3.53E-04 34 4.49E-04
Mg 1.75E-03 Zn 3.25E-05
MgHCO3+ 8.67E-04 74 6.91E-04 Zn(CO3)2-2 1.81E-05 3.4 7.30E-06
Mg+2 4.38E-04 11 1.31E-04 ZnHCO3+ 1.09E-05 1.4 8.67E-06
MgHPO4 2.97E-04 36 3.77E-04 ZnCO3 2.54E-06 0.3 3.23E-06  
 
The results for phosphorus are consistent with that of Moore et al. (2002) showing that 
phosphorus is mainly present in the form of phosphoric acids and at this pH, it is proportioned 
approximately 60% and 40% as hydrogen phosphate and dihydrogen phosphate respectively. 
These phosphoric acids are then attracted to cations Fe2+, Ca2+, Mg2+, K+ and Na+ consistent 
with Stollenwerk (1996) and Weiskel and Howes (1992).  The mortality leachate also shows 
oversaturation of hydroxyapatite and vivianite consistent with Zanini et al (1998), Stollenwerk 
(1996) and Weiskel and Howes (1992).    Phosphorus present as phosphate compounds allows 
for unattenuated transport of phosphorus as well as ions bound to the phosphate due to the 
negative charge on the ion.  Phosphoric acids are corrosive and available for unattenuated 
transport on their own, but are able to easily complex with metals in the soil therefore advancing 
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the transport of metals through the system (Stollenwerk 1996).  Sulphate is found mostly in the 
form of ammonium sulphate, and sulphate.  It also forms ion complexes with Ca2+, Mg2+, K+ and 
Na+ consistent with Hem (1992).  Sulphate complexes such as KSO4- and NaSO4- allow for 
unattenuated transport of potassium and sodium as well as sulphate.   
 
Nitrogen is found commonly in the leachate as NH4+, with some ammonium sulphate salts 
forming along with small amounts of nitrate.  Due to the decomposition of livestock mortalities, 
nitrogen is leached in its most reduced state, ammonium, and without exposure to oxidizing 
conditions; the majority of nitrogen will remain as ammonium.  Ammonium sulphate 
concentrations in solution are approximately 2,400 mg/L which is approximately 300 mg-N/L; 
the negative charge on this ion allows for the transport of unattenuated nitrogen.   Chloride in 
leachate is present only in the form of Cl-, consistent with Ham (1992).  Calcium in this solution 
is present as calcium-bicarbonate, calcium-phosphates, and calcium-sulphates, as well as some 
free calcium consistent with Hem (1992).  Iron is mostly present as ferrous iron and the majority 
is complexed with phosphates and bicarbonate; while magnesium is complexed with 
bicarbonate, sulphate and phosphate with small amounts of free magnesium.  Eighty percent of 
sodium in solution is available as free sodium, while the remainder is complexed with 
bicarbonate, sulphate and phosphate consistent with Hem (1992).  Potassium is mostly present 
as free potassium, with small amounts of ion complexes with sulphate and phosphate. 
 
It is observed that the speciated concentrations when back calculated to mg/L are at slightly 
higher values than the input.  This is explained due to the assumption that the density of the 
leachate is the same as pure water, 1000 kg/m3.  It appears that this assumption is incorrect, 
therefore causing the calculations to show slightly higher concentrations.  It also could be 
explained by the activity of the water molecules in solution.  Due to the solution’s high ionic 
strength, many of the water molecules are bound with the ions in solution forming their hydrated 
radii.  Due to this phenomena, PHREEQC reports values in molality (mol/kg solution), therefore 
the concentration of active water in that kg of solution is less than 1 kg/L. 
 
The activities of the ions in solution vary by one to two orders of magnitude.  Important ion 
complexes in Table 3 are plotted in Figure 2 on a log scale to show activities for each species 
present in mortality leachate and compared to species present in a sample solution of 
groundwater from Fonstad (2004).  Ammonium and bicarbonate are an order of magnitude 
higher than activities such as chloride, potassium and sodium in mortality leachate.  In livestock 
mortality leachate, ions such as ammonium and bicarbonate have the highest activities and 
make up 97% and 80% of their respective complexes.  With respect to activities of species 
found in groundwater, bicarbonate activity is two orders of magnitude higher.  The 
representative sample of groundwater used did not contain any ammonium.  For the remaining 
ions shown in Figure 2, all are one to five orders of magnitude higher than natural groundwater.  
It is interesting to note the activities of ammonium sulphate and phosphoric acids are similar, but 
in regards to concentration, there is less ammonium sulphate in solution.   
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Figure 2: Activities of selected ions in livestock mortality leachate compared to groundwater. 
 
Transport 
In order to evaluate potential geochemical reactions and ion exchange occurring beneath the 
burial trench during transport, PHREEQC was used to simulate transport of livestock mortality 
leachate through a column of moderately permeable soil.  The transport simulation involves a 1-
D column defined by a series of cells with the same pore volume.  The 10 meter column was 
equilibrated with groundwater from Table 2 initially and 0.14 column pore volumes of livestock 
mortality leachate concentrations were added to the column.  This is an equivalent volume 
equal to approximately 0.5 m depth of fluid.  Once this occurred, groundwater was added back 
on top of the leachate in 0.14 pore volume increments up to 0.56 pore volumes.  The results at 
each pore volume increment can be seen in Figures 3 - 7. 
 
Figure 3 shows an initial concentration front of calcium and magnesium leading the plume due 
to cation exchange occurring with ammonium on the exchange sites.  This salt concentration 
front is approximately one meter ahead of the ammonium front.  Bicarbonate, sodium and 
chloride are showing an unattenuated transport.  This trend continues once groundwater is 
infiltrated into the column following the mortality leachate infiltration.  Figure 4 shows 0.14 pore 
volumes of groundwater allowed to transport after the leachate.  This figure shows ammonium 
retardation and rising concentrations in the calcium/magnesium salt front.  Bicarbonate 
concentrations are slightly decreasing; this could be caused by bicarbonate ions precipitating 
with calcium and magnesium.  Figure 5 shows results following 0.28 pore volumes of water 
added to the column.  The salt front of is now slightly decreasing in concentration.  The 
attenuation of ammonium is still occurring and bicarbonate is also decreasing in concentration.  
The trend continues as more pore volumes of groundwater are added (Figures 6 and 7) with 
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Figure 7 indicating bicarbonate, chloride, calcium and magnesium all at maximum 
concentrations at a depth of approximately 6.5 meters following infiltration of 0.56 pore volumes 
of groundwater.   
 
Figure 3: Mortality leachate 0.14 pore volumes infiltration into column. 
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Figure 4: Groundwater 0.14 pore volumes infiltration into column on top of leachate. 
 
0
1
2
3
4
5
6
7
8
9
10
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70
D
e
p
th
 (
m
)
Concentration mol/L
Groundwater Recharge Infiltration (0.14 Pore Volumes)
N(-3)
Ca
Mg
K
Na
Cl
HCO3
3rd International Syposium 
on Management of Animal Carcasses, 
Tissue, & Related By-products U.C. Davis July 21-23, 2009
10 
 
 
Figure 5: Groundwater 0.28 pore volumes infiltration into column on top of leachate. 
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Figure 6: Groundwater 0.42 pore volumes infiltration into column on top of leachate. 
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Figure 7: Groundwater 0.56 pore volumes infiltration into column on top of leachate. 
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The 22 most abundant species of ions involved in the mortality leachate transport are shown in 
Figures 8 and 9; ammonium and bicarbonate being the most abundant cation and anion.  
During the transport intervals, ammonium decreases in concentration and is four percent of 
initial concentration after 0.56 pore volumes of fresh groundwater transport.  Sodium and 
potassium also show significant drops in concentration as well as phosphoric acid.  Increases in 
sulphate concentrations can be attributed to the high amount of sulphate in the leachate as well 
as the concentration of sulphate present in the groundwater.  Because of increasing sulphate 
concentrations, it can be expected that sulphate minerals such as CaSO4 and MgSO4 will 
increase in concentration until the sulphate concentration has stabilized.  Increases in calcium 
and magnesium concentrations can be attributed to ion exchange, as ammonium is trading 
places with these ions on soil exchange sites.  Due to the release of these ions, their 
concentrations in solution are increasing as well as they are binding with other ions such as 
phosphoric acid, bicarbonate, and sulphate. The speciation results of the leachate, show 
potential threats from ammonium transport due to the formation of ammonium sulphate 
(NH4SO4-) and phosphoric acid and sulphate compounds in solution.   
 
Figure 8: Concentration of 9 most abundant species during transport. 
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Figure 9: Concentration of remaining most abundant species during transport. 
 
Conclusion 
Speciation of the leachate by PHREEQC provided estimates of phosphate compounds 
precipitating from solution, and phosphoric acids available for unattenuated transport.  Due to 
the relatively high concentration of ammonium and sulphates, significant concentrations of 
ammonium sulphate form, and due to the negative charge, will allow approximately 300 mg-N/L 
of unattenuated transport of nitrogen.  Activities of ammonium and bicarbonate, sulphates, 
phosphates and other minerals are many orders of magnitude higher than concentrations 
present in naturally occurring groundwater.  The PHREEQC transport model used a CEC of 
10meq/100g and demonstrated a highly concentrated calcium and magnesium plume forming in 
front of the ammonium plume suggesting ion exchange and attenuation of ammonium.    
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Abstract.  Rendering is one of the technologies that could potentially be used to dispose of 
large numbers of animal carcasses generated during a response to a foreign animal disease 
(FAD) outbreak.  However, guidance is not available on restoring a rendering plant to normal 
operation following its use for disposal as part of an FAD incident response.   Understanding the 
fate of biological agents of concern within a rendering facility is critical to developing strategies 
to clean the plant so that it can be returned to normal operation. A series of tests was run on a 
rendering facility in Des Moines, IA to investigate issues related to a) assessing the fate of 
biological agents entering the facility with the raw materials; and b) assessing the ability of 
common cleaning techniques to reduce the load of biological agents within the plant.  These 
tests involved (in chronological order): 1) initially cleaning the plant to reduce the load of organic 
material; 2) sampling locations inside the plant to assess initial concentrations of biological 
agents; 3) inoculating incoming raw material with an aqueous mixture of Bacillus atrophaeus 
spores and fluorescent microspheres (0.99 µm) and allowing the plant to operate normally for a 
day; 4) sampling the same locations within the plant to assess the spread of the inoculum; 5) 
cleaning the plant; 6) post-decontamination sampling of the same locations within the plant to 
assess the reduction of the inoculated materials.  This paper describes the results from those 
tests. 
Keywords. Carcass, Disposal, Rendering, Decontamination, FAD 
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Introduction 
Rendering is one of the technologies that could potentially be used to dispose of large numbers 
of animal carcasses generated during a response to a foreign animal disease (FAD) outbreak 
(Kansas State University, 2004).  There are currently approximately 300 rendering facilities in 
North America (National Renderers Association, 2012).  However, guidance is not available on 
restoring a rendering plant to normal operation following its use for disposal as part of an FAD 
incident response.  Therefore, in collaboration with the U.S. Department of Agriculture’s Animal 
and Plant Health Inspection System (USDA/APHIS), Darling International, Inc., and the National 
Renderer’s Association, the U.S. Environmental Protection Agency (EPA) conducted a study to 
evaluate fugitive emissions of a biological agent surrogate released from a rendering process, 
and subsequent cleanup procedures.  For this project, the work group agreed upon several 
objectives: 
 To generate data on fugitive emissions of a biological surrogate from the rendering process; 
 To determine if decontamination methods and solutions are effective at reducing the 
surrogate bacteria levels on the inside surfaces of the rendering facility; and 
 To develop standard procedures for appropriately clearing a rendering facility that has been 
used for “disposal rendering” after an FAD outbreak so that it can be returned to normal 
production. 
Note that at this point, cleanup goals were not identified; this effort intended to identify potential 
cleanup approaches and sampling strategies to use. 
This project has the potential to develop protocols that could be included in subsequent tabletop 
exercises and for possible future incidents. 
Environmental characterization, decontamination, and clearance are critical components of a 
comprehensive public health recovery strategy in the aftermath of an FAD incident or intentional 
release of a biological agent.  Rendering plants could play a critical role in the nation’s response 
to an FAD event by assisting in the control of diseases and providing a mechanism to recycle 
usable animal carcasses to safe and usable products.  The National Response Framework 
(NRF) (U.S. Department of Homeland Security, 2009) requires multiagency participation and 
identifies USDA as the lead agency for carcass disposal with the EPA a support agency. 
As one step towards addressing the process for returning a rendering plant to normal operation, 
the EPA, USDA/APHIS, and the rendering industry are working together to evaluate fugitive 
emissions of a biological surrogate released from a rendering process and potential cleanup 
approaches.  The evaluation process includes characterizing the biological footprint of a 
rendering plant, determining a biological surrogate, pre-release sampling, post-release 
sampling, decontamination of a rendering facility, and post-decontamination sampling. 
The rendering facility selected for this study is the Darling International, Inc. (Darling) rendering 
plant located at 601 SE 18th Street, Des Moines, Iowa.  This plant is representative of a plant 
design that would potentially be used for disposal rendering following an FAD incident.  The 
Darling rendering plant processes animal by-product materials for the production of tallow, 
grease, and high-protein meat and bone meal.  Raw materials such as animal by-product 
materials, animal carcasses, grease, feathers, offal, and blood are collected from a variety of 
commercial locations including butcher shops, supermarkets, poultry processors, 
slaughterhouses, farms, ranches, and feedlots. From these raw materials, the Darling rendering 
plant produces products that are used in livestock and poultry feed, soap, inedible tallow and 
grease. 
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The Darling rendering plant uses a dry process to produce inedible products.  The dry process 
involves the use of steam to cook the raw material and accomplish separation of the fat.  Dry 
rendering is a batch or continuous process that dehydrates raw material to release fat.  
Following dehydration in batch or continuous cookers, the melted fat and dry protein solids are 
separated as final products.  Figure 1 depicts this process pictorially. 
 
Figure 1.  Conceptual Diagram of Rendering Plant 
Materials and Methods 
Plant Description 
Figure 2 shows a pictorial description of the Darling plant layout in Des Moines, IA.  Raw 
material is dumped into the pit area (upper left corner of Figure 1, lower left corner of Figure 2), 
where it is fed into a macerator and augered up a ramp into the cooker.  Water is boiled off and 
processed through wet scrubbers.  The tallow is skimmed off and the residual solids in the 
cooker are filtered to remove residual grease.  The pressed cake or meal (crax) and grease 
(tallow) are then transferred into trucks for further processing off-site. 
4th International Symposium on 
Managing Animal Mortality, Products, 
By Products and Associated Health Risk Dearborn, MI May 21-24, 2012 
4 
 
 
 
Figure 2.  Darling Plant Layout 
Scoping Tests 
On January 6, 2010, project team members toured the Darling International plant.  During the 
visit, a total of six (6) opportunistic swab samples were collected by EPA personnel.  Each swab 
sample was collected from a 10 cm by 10 cm area with a dry, unsterilized swab and placed in a 
non-sterile re-sealable plastic bag.  Samples were logged on a facility map, pictures were taken 
of the sample locations, and the time/date of sampling was recorded.  All samples were streak 
plated at the EPA Office of Research and Development’s (ORD’s) laboratory in Research 
Triangle Park, North Carolina onto two Tryptic Soy Agar (TSA) plates.  One plate was incubated 
at 35 degrees Celsius (°C) and the other at 55 °C for 24 hours.  Results indicated no growth 
(zero colony forming units [CFU]) on all but two of the samples.  The two samples with growth 
were collected from the auger leaving the receiving floor (both 35 and 55 °C) and from the 
carcass entry door (35 °C only).  Sampling was initially not planned at the plant tour and there 
was not any wetting solution available, but the opportunistic samples were acquired anyway to 
provide some background information that could be used for the Initial Plant Sampling effort. 
Initial Plant Sampling 
On June 15, 2010, rendering plant personnel collected environmental surface samples from the 
Darling rendering plant.  The swab samples were collected using sterile swabs moistened with 
either Amies or Stuart’s transport media –- odd number samples were collected using Amies 
transfer media and even numbered samples were collected using Stuart’s transfer media.  The 
swab samples were used to inoculate Brain Heart Infusion (BHI) broth tubes which were 
incubated overnight at 35 °C and 55 °C.  The 55 °C pre-enrichment broth cultures were 
streaked for isolation on BHI agar and incubated overnight at 55 °C.  Growth was detected at 55 
°C on 28 of the 32 collected samples.  The 35 °C pre-enrichment broth cultures were streaked 
for isolation on BHI agar and incubated overnight at 35 °C.  At 35 °C, copious growth was 
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detected on all 32 samples.  From the streak plates incubated at 55 °C, 32 pure cultures were 
isolated on BHI agar slants which were incubated at 55 °C.  Five additional 55 °C plates 
contained prolific spreader organisms which were not isolated during this study.  Polymerase 
chain reaction (PCR) was conducted on the 32 isolated cultures to amplify the 16S ribosomal 
ribonucleic acid (rRNA) gene from the bacterial isolates.  Bacterial identity was selected from 
the top 25 BLAST nucleotide database results with maximum identity greater than 90%.  Gram 
reaction and morphological characteristics were utilized to confirm the identity of bacterial 
isolates. 
Based on these initial scoping tests, selection of an appropriate surrogate for plant inoculation 
tests with the following characteristics was desired: 1) did not exist in background samples from 
the plant; 2) was consistently identifiable in spite of the high levels of biological organisms 
present in the background of the plant. 
The background concentrations of two potential surrogates, Geobacillus stearothermophilus and 
Bacillus atrophaeus (aka Bacillus globigii, or BG), were evaluated in the rendering plant.  A 
thermophilic bacterium like G. stearothermophilus would be the best surrogate, because the 
high incubation temperature (55 °C) would kill many of the background microorganisms that 
could confound analysis. 
On October 18-20th, 2010, Dynamac personnel collected 26 samples (twenty-four swab and two 
waste water samples) from 13 areas of the Darling plant.  Two swab samples were collected 
from adjacent areas at 12 sample locations that included the receiving floor, hard surfaces, 
grinders, and crax area.  One of the swabs was used for community characterization (PCR/ 
deoxyribonucleic acid [DNA] sequencing) and the other swab was used for enumeration. The 
two wastewater samples were collected from the wastewater collection sump near the 
equalizing tanks.  The initial round of plating swabs was analyzed in duplicate and results 
indicated very little growth from the swabs.  Therefore, to ensure isolates for study, the pre-
enriched swabs were plated ten times each to try to obtain thermophilic isolates.  Isolates were 
transferred to slants and gram stained.  PCR was conducted on the isolates from the slants and 
the waste water to amplify the 16S rRNA gene from the bacterial isolates.  Amplified 16S rRNA 
samples were sequenced and then analyzed using the BLASTn program (a variant on the 
BLAST program specialized for “nucleotide-nucleotide” alignments), available on the National 
Center for Biotechnology Information (NCBI) website.  Bacterial identity was selected from the 
top twenty five BLAST nucleotide database results with max identity greater than 90%.  Initially, 
only 14 isolates were successfully amplified and submitted for sequencing.  In the second 
isolation attempt, 72 isolates were obtained.  Many of these isolates were deemed likely 
duplicates based on gram stain and morphology.  After amplifying, these 72 isolates were 
submitted along with four positive controls in duplicate (eight in total).  The positive controls 
were prepared in the laboratory and processed with the samples collected in the field.  The 
positive controls were prepared utilizing media and wetting solutions that were utilized for field 
samples and inoculated with ATCC 7953 Geobacillus stearothermophilus, ATCC 12980 
Geobacillus stearothermophilus, ATCC 12978 Geobacillus stearothermophilus, and 
SPORTROL* Spore Suspensions, NAMPA (VWR Scientific Products, Inc., # 19872-024). 
Bacterial identification results using PCR and amplicon sequencing indicated lack of sensitivity 
of the procedure for identification of Geobacillus stearothermophilus. Only 37.5% of the positive 
controls were successfully identified as Geobacillus stearothermophilus by the procedure. 
Results of this study, as well as literature articles (Kuisiene et al., 2007), indicate that further 
work on Geobacillus stearothermophilus may require construction of GEOBAC primers, which 
was beyond the scope of this study.  Because thermophilic bacterial enumeration results 
revealed wide variability between duplicates, the experimental procedure on swab samples 
using BHI and both standard phosphate (PO4)/magnesium chloride (MgCl2) and lecithin buffer 
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was repeated twice.  The problems in the variability of the results and the lack of results with the 
preferred surrogate organism, G. stearothermophilus, resulted in re-evaluation of the surrogate 
to use for the Inoculation and Cleaning tests. 
Decision on Surrogate for Inoculation and Cleaning Tests 
To maximize the ability to detect the inoculated surrogate in the Inoculation and Cleaning tests, 
it was decided to include Phosphorex, Inc. DegraFluorex™ Polylactic-co-glycolic acid (PLGA) 
fluorescent microspheres (catalog #LGFG1000, lot # 101028-187) in the inoculum with a spore-
forming bacterium.  To make a final decision on the surrogate to use for the Inoculation and 
Cleaning tests, G. stearothermophilus was abandoned as a potential surrogate and a series of 
laboratory challenge samples was prepared using BG and PLGA microspheres.  BG and PLGA 
were used to spike protein-based stock (i.e., suet) (1 gram each), grease (1 mL each), and 
deionized (DI) water (1 mL each).  These media were spiked with freshly-grown BG at a 
concentration of 1 x 108 colony forming units (CFU)/sample (0.1 mL of a 1 x 109 CFU/mL 
culture).  Separate portions of meat and grease and DI water were spiked with PLGA 
microspheres [1 micrometer; green color; Ex/Em (nm) 460] at approximately 1 x 106 beads/g or 
mL (0.1 mL of a 3 µg/mL solution was added to 1 g or 1 mL of meat or grease, respectively) 
after nucleic acid extraction. The purpose of these samples was to assess the abilities of the 
laboratory to identify BG through PCR and measure BG and PLGA from matrices simulating 
those found at a meat rendering facility. 
B. atrophaeus DNA was detected using a real-time polymerase chain reaction (RT-PCR) assay 
specific for the sequence encoding the Replication Termination Protein (rtp), present on the BG 
chromosome, and PLGA microspheres were detected by direct microscopic count.  The B. 
atrophaeus rtp RT-PCR assay was established using a standard curve prepared from B. 
atrophaeus genomic DNA and tested using spiked samples.  Direct microscopic counts were 
performed using disposable hemacytometers (iNCYTO, part number: DHC-NO1-5) and a Zeiss 
epifluorescent microscope. 
B. atrophaeus DNA was detected in water samples but not in meat or grease samples when 
analyzed directly.  After extraction of nucleic acids using a commercial kit, B. atrophaeus DNA 
was detected in all three matrices.  However, recovery of B. atrophaeus DNA signatures was 6-
7% for water samples and less than 1% in meat and grease samples. 
PLGA microspheres were detected, and within countable range, when visualized in water or 
meat samples.  However, autofluorescence from the grease at the same wavelength as the 
PLGA particles inhibited detection and counting of PLGA microspheres in grease samples. 
The results of the study showed that B. atrophaeus nucleic acids and PLGA microspheres are 
detected at levels several orders of magnitude lower than the actual spiked quantities.  In their 
results, the laboratory recommended that to ensure efficient distribution of the spike within the 
sample matrix and sufficient recovery of target signatures, spikes should be prepared to contain 
approximately 1 x 108 CFU and 1 x 108 beads/g or mL. 
Additionally, B. atrophaeus rtp was not detected in direct analysis of meat or grease samples.  
Proteases and nucleases present in the meat and grease matrices as well as other PCR-
inhibitors may have prevented direct detection of target DNA.  The laboratory stated that in 
some cases, PCR inhibition can be overcome by dilution or by extracting the nucleic acid 
samples from the sample matrix.  Also, the laboratory recommended that extraction using a 
simple DNA purification kit would result in detectable signatures in the meat and grease 
samples, but at levels lower than the expected concentration (recovery was less than 1%).  
Sample dilution might be a better alternative for these sample matrices, or a more desirable 
solution for the end users, but testing would be necessary to determine the optimal dilution to 
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overcome PCR inhibition without significant loss of target DNA.  An internal positive control  
(IPC) kit designed to test for the presence of inhibitors in PCR samples by analysis of an 
exogenous target DNA could also possibly be used to test neat and diluted samples prior to 
analysis to determine the optimal conditions for B. atrophaeus rtp detection.  In their report, the 
laboratory recommended that samples undergo an extraction procedure, either using a 
commercially-available kit for purification of DNA or other standardized method, prior to analysis 
by RT-PCR. 
Lastly, the laboratory stated that grease samples are not amenable to direct microscopic 
observation and that PLGA microspheres are not distinguishable from the matrix due to 
background autofluorescence from the grease.  The laboratory stated that PLGA spheres may 
be washed or extracted from the grease, or that sample dilution could overcome the 
interference, but further experimentation would be required to develop a feasible method for 
visualizing PLGA microspheres from the grease matrix.  B. atrophaeus cells may be visible in 
grease samples under phase contrast, or in the presence of an appropriate stain, but further 
research would be necessary to develop an appropriate visualization method.  Based on these 
observations, the laboratory recommended that grease matrix samples be spiked with B. 
atrophaeus only. 
Based on these laboratory challenge samples, it was decided that the inoculum for the 
Inoculation and Cleaning tests would consist of an aqueous mixture containing 1 x 1011 CFU of 
Bacillus atrophaeus spores and 1.47 x 109 beads of PLGA microspheres and a surfactant 
dissolved in 1 gallon of distilled water, and this mixture was sprayed evenly over the load in 
each truck that arrived on site during the inoculation portion of the study. 
Inoculation and Cleaning Tests 
A total of 124 sample locations were identified and air (34), surface, and equipment (90) 
samples were collected from those locations throughout the Darling rendering plant, including 
the process room, grinders, and outside the cooker.  The air sample locations were picked 
randomly inside and outside the plant.  Outside air sample locations were positioned on all sides 
of the plant, but the majority of the samples were collected downwind of plant operations.  Inside 
air sample locations were concentrated in high dust areas or areas where crushing and grinding 
could aerosolize the surrogates or fomites with surrogates attached could be projected from the 
processes. 
Dynamac personnel collected two wipes from each of the surface sampling locations.  One wipe 
(designated as ABC) was collected for community characterization by PCR, enumeration, and 
PLGA identification.  A second sample (designated as D) was collected and stored for archival 
purposes  at EPA’s laboratory facilities in Research Triangle Park, NC. 
The study acquired samples after initial cleaning of the plant; prior to inoculation with the 
surrogates; during the inoculation of the feed material with the surrogates; after processing 
inoculated carcasses for eight hours; and after the final cleaning of the plant.  In addition, two 
samples were collected as part of a grinder study, after the dispersal, processing of 
contaminated carcasses and decontamination of the plant to study the fate of residual surrogate 
contamination in the grinder.  Table 1 provides an outline of the study events. 
Based on previous research that demonstrated that pressurized spray-based decontamination 
technologies can reduce surface contamination (Calfee et al., 2012), Darling plant workers 
cleaned parts of the plant over the course of several weekends in advance of the sampling to 
remove bulk loading of organic material from plant surfaces.  Plant personnel utilized existing 
plant methods and external contract personnel to clean the plant.  Figure 3 shows a diagram of 
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the areas of the plant that were cleaned prior to inoculation.  Table 2 outlines the areas that 
were cleaned and the cleaning methods that were utilized. 
Water heated to approximately 180 to 200 °F was used to wash any loose particles from the 
surfaces.  Plant personnel also used brooms, shovels, scrapers and brushes to loosen gross 
contamination.  Heated water was then used to rinse the area.  If existing plant water lines could 
not reach an area of the plant, plant personnel utilized pressure washers and a “steam genie” 
(www.steamgenie.com) to power wash these surfaces. 
Following cleaning, a total of 11 sample locations (four surface samples and seven air samples) 
were sampled throughout the plant as background samples prior to the release of the PLGA and 
BG, the biological surrogate. 
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Table 1.  Timeline of Events for Inoculation and Cleaning Study 
Day 
Day of 
Week Time Primary Task Additional Task 
 Samples  Notes/Assumptions 
Wipe Wipe 
Blanks 
Air Air 
Blanks 
Final 
Tallow 
Final 
Crax 
 
1,2 Sat & 
Sun 
Work Shift Pre-Cleaning 
(weekend 1) 
       Weekend 1: Cleaning conducted by plant (no oversight) 
8,9 Sat & 
Sun 
Work Shift Pre-Cleaning 
(weekend 2) 
       Weekend 2: Cleaning conducted by plant (no oversight) 
15/ 
16 
Sat & 
Sun 
Work Shift Pre-Cleaning 
(weekend 3) 
Oversight / 
Documentation, Finalize 
Sample locations 
      Weekend 3: Cleaning conducted by plant (no oversight). 
19 Weds. Work Shift Background 
Samples 
Scoping and Prep, 
Documentation, Package 
and Ship samples 
4 1 7 1   Collect background samples throughout entire facility. 
20/ 
21 
Thurs., 
Fri. 
As trucks are 
available 
Inoculate loads of 
carcasses 
Documentation   2 1   Inoculate carcasses as loads arrive either off-site or in a 
containment area to prevent spreading. 1) Spray the carcasses 
down; 2) Spike carcasses in each load with the surrogate.  3) 
Continue inoculating for one 8-hour shift. 
21 Fri. Work Shift (8 
hours) 
Process 
Contaminated 
Carcass 
Sampling, Documentation   5 1   Inoculated material will be processed for 8 hours. 
21 Fri. Work Shift (8 
hours) 
Stage 1 - Process 
Sampling 
Documentation, Package 
and Ship samples 
8 2     Sampling during processing of inoculated material.  Eight hr air 
samples will be initiated in the process area & throughout the 
building.  Surface wipe samples will be taken every two hours from 
grinder feed 
21 Fri. Immediately 
afterward 
Post Dispersion 
Sampling 
Scoping and Prep, 
Documentation, Package 
& Ship samples 
22 5     Immediately after all inoculated carcasses have been processed, 
Samples will be collected throughout whole facility. 
21 Fri. After Post 
Dispersion 
Sampling 
Process Clean 
Carcasses 
Documentation       Plant will process clean material for eight hours 
21 Fri. After process 
runs for 2 hr 
Stage 2 -  
Process 
Sampling 
Documentation 8 2     Collect surface wipe samples from the grinder.  Surface wipe 
samples will be taken randomly every two hours from grinder feed 
22/ 
23 
Sat & 
Sun 
All day Plant Cleaning Documentation       Cleaning conducted by the plant (oversight by EPA sampling 
contractors) 
24 Mon. After cleaning is 
complete 
Post Cleaning 
Sampling 
Documentation, Package 
and ship samples 
40 8 8 1 1 1 Samples collected throughout whole facility, including the 
processed raw material (tallow and crax). 
24 Mon. During 
processing 
Grinder Study Documentation, Package 
and ship samples 
2 2     All samples from grinder.  Collect sample at beginning of day and 
then every hour for 8 hours 
    Total Samples 84 20 22 4 1 1  
 
4th International Symposium on 
Managing Animal Mortality, Products, 
By Products and Associated Health Risk Dearborn, MI May 21-24, 2012 
10 
 
 
Figure 3.  Diagram of Areas of Darling Plant Cleaned Prior to Tests 
 
Table 2.  Darling Plant Cleaning Schedule 
Day 
Area of Plant 
 
1-2 Raw Bay I Raw Bay II 
  Scraping lower walls, floor, receiving pits Scraping lower walls, floor, receiving pits 
  Cleaning ceiling, walls, floor Cleaning ceiling, walls, floor 
8-9 Soapstock, fleshing areas & truck bays Duke/skimmer room 
  Cleaning ceiling, walls, floor-non electrical 
equip 
Cleaning ceiling, walls, floor and non-electrical equip 
     
15-16 Cooker room, meal load-out Work tank area 
  Cleaning ceiling, walls, floor-non electrical 
equip 
Cleaning ceiling, walls, floor, non-electrical equip 
22-23 All other areas done on previous weekends All other areas done on previous weekends 
  Hot water wash down Hot water wash down 
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During the Inoculation Phase of the study, the PLGA and B. atrophaeus (BG) solution was 
sprayed on each truck load of carcasses intended for processing in the rendering plant for an 
eight-hour shift.  The PLGA and B. atrophaeus (BG) was sprayed on the carcasses into and 
onto the load using a hand sprayer (D.B. Smith Roundup Backpack® Sprayer), containing the 
surrogates and a phosphate buffer solution, filled to a gallon level with distilled water.  The 
estimated level of contamination was ≥109 CFU of BG and approximately 50 mg of PLGA 
(~1.47x 109 spheres per mg) per truckload. Once each truck arrived at the plant, the tractor 
number and trailer information were documented.  The carcasses loaded into the truck trailer 
were sprayed prior to entering the facility, outside in the truck de-tarping area located on the 
south side of the plant.  During one eight-hour shift, all arriving loads (approximately 16) were 
inoculated and carcasses processed.  After each truck dumped its load of inoculated carcasses, 
the truck bed was washed out with water and dumped inside the bay prior to leaving the 
dumping area.  Prior to leaving the site, trucks were sprayed with an amended bleach solution 
(1 part Clorox® bleach, 1 part white vinegar, 8 parts water) to minimize potential for cross-
contamination should that truck return to the site prior to the post-cleaning sampling. 
A total of six air samples were collected from this area with personal sample pumps (four test air 
samples and two Quality Assurance/Quality Control (QA/QC) air samples).  All air samples were 
collected with SKC AirChek 2000 personal sampling pumps and calibrated with a Bios® DC-Lite 
dry cell calibrator to 1.0 liters per minute.  The medium was 37-mm multicellulose esterase 
filters in three stage pre-loaded cassettes.  Air samples were collected in four areas during the 
inoculation of the carcasses.  Three air samples (to the east, west, and south) were collected in 
the area adjacent to the de-tarping area.  A fourth sample was collected by the large door. All 
doorways near the de-tarping area remained closed during the inoculations.  To reduce 
contamination, the inoculation person did not enter the plant during this stage of the study.  After 
all of the trucks were inoculated, the inoculation person was sprayed off with water prior to 
leaving the area, their personal protective equipment (Saranex overalls and gloves), was 
removed and disposed, and their boots were removed and left outside the plant for later use. 
During the Pre-decontamination Phase of the study, the plant processed inoculated material for 
eight hours.  Two wipe samples were collected from the grinder every two hours during the eight 
hours of processing (eight wipes total).  Samples were collected from the grinder in the same 
location each time during this stage of the study. In addition, a total of four eight-hour air 
samples were initiated at the start of the eight-hour shift.  The air samplers were distributed in 
the dustiest areas of the plant, including the skimmer area, the cooker area, the storage bin 
area, and near the plant exhaust vent.  The purpose of the air samples was to provide a 
measure for contamination of the plant over time.  Figure 4 shows the locations of the post-
inoculation samples.  After the eight-hour shift was completed and all of the contaminated 
carcasses were processed, the plant processed uncontaminated (clean) carcasses for eight 
hours. 
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Figure 4.  Location of the Post-Inoculation Samples. 
Following the Process sampling, plant personnel cleaned the facility.  Under the oversight of 
EPA contractors, plant personnel utilized existing plant methods and external contract personnel 
to clean the plant.  Particular attention was paid to the grinder area, tipping floor, pits, the 
processing area, and building floors.  As access allowed, plant personnel would attempt to clean 
any augers used in the process by utilizing typical plant cleaning protocols. 
After the cleaning had been performed by plant personnel, samples were collected from 53 
sampling locations.  Thirteen air locations and 40 surface locations were sampled to determine 
the effectiveness of the cleaning.  The 40 surface locations are outlined in Figure 5.  Attempts 
were made to acquire samples in the near vicinity of previous sample locations, but not on 
exactly the same spot. 
Table 3 summarizes all the samples collected in the background, inoculation, pre-
decontamination, and post-decontamination phases of the project. 
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Figure 5.  Post-Decontamination Phase Sampling Locations 
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Table 3 - Summary of samples to be collected in the Background, Inoculation, Pre- 
Decontamination, and Post-Decontamination phases. 
Phase Primary Task Matrix Measurement 
Samples Locations QA/QC Sample Locations 
Wi
pe Air 
Final 
Tallow 
Final 
Crax Air Blanks 
Air 
Spike 
Wipe 
Blanks 
Ba
ck
gr
ou
nd
 
Pre-Cleaning 
(weekend 1) 
         
Pre-Cleaning 
(weekend 2) 
         
Pre-Cleaning 
(weekend 3) 
         
Background 
Samples 
Wipe of non-
porous surfaces; 
MCE Filter of air 
Wipe: Culture and counts 
of CFU; PCR; PLGA 
 
Air: PLGA/Biologicals 
4 7   1  1 
Ino
cu
lat
ion
 
Inoculate loads 
of carcasses 
MCE Filter of air   4   1 1 1 
Process 
Contaminated 
Carcass 
 Air: PLGA/Biologicals        
Pr
e d
ec
on
tam
ina
tio
n 
Stage 1 - 
Process 
Sampling 
Wipe of non-
porous surfaces; 
MCE Filter of air 
Wipe: Culture and counts 
CFU; PCR; PLGA 
 
Air: PLGA/Biologicals 
8 5     2 
Post- 
Dispersion 
Sampling 
Wipe of non-
porous surfaces; 
MCE Filter of air 
Wipe: Culture and counts 
of CFU; PCR; PLGA 
 
Air: PLGA/Biologicals 
22    1  5 
Process Clean 
Carcasses 
         
Stage 2 -  
Process 
Sampling 
Wipe of non-
porous surfaces; 
Wipe: Culture and counts 
of CFU; PCR; PLGA 
 
8      2 
Po
st 
de
co
nta
mi
na
tio
n 
Plant Cleaning          
Post-Cleaning 
Sampling 
Wipe of non-
porous surfaces; 
MCE Filter of air 
Wipe: Culture and counts 
of colony forming units; 
PCR; PLGA 
 
Air: PLGA/Biologicals 
40 8 1 1 1  8 
Grinder Study Wipe of non-
porous surfaces 
Wipe: Culture and counts 
of CFU; PCR; PLGA 
2      2 
   Total Samples 84 22 1 1 4 1 20 
 
Preliminary Results 
During the initial analyses, no B. atrophaeus DNA was detected in any of the sample extracts 
from collected samples.  Furthermore, B. atrophaeus DNA could be extracted from, and 
detected in, spiked positive controls of pristine gauze and air filter matrices prepared from the 
same lots of gauze wipe and air filters as the samples.  B. atrophaeus may have been present 
in low quantities and below the limit of detection by Quantitative PCR (qPCR); however, non-
detection by qPCR was more likely due to inhibitors such as grease, bone, hair, etc., present in 
the sample matrices that carried over during the extraction process, since B. atrophaeus was 
recoverable on BHIA. 
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Additional analyses are ongoing in an effort to increase sensitivity and recover viable B. 
atrophaeus DNA from the samples. 
PLGA microspheres may not be a suitable synthetic surrogate, as they appear to become 
immobilized in sampling matrices; hair and bone fragments autofluoresce at a similar 
wavelength making it difficult to distinguish the PLGA spheres from background.  Extraction 
processes were ineffective at removing PLGA microspheres for quantitation by fluorometer, and 
autofluorescence from the sample matrices complicated detection of PLGA microspheres via 
direct microscopic observation.  Additional analytical efforts are being undertaken to attempt to 
recover the PLGA spheres by using a solvent. 
Conclusions 
A field study to examine fugitive emissions of biologicals from the rendering process and to 
develop potential cleaning and decontamination operating procedures for the rendering plant 
was performed.  An initial cleaning of the plant was performed, followed by background 
sampling, inoculation of truckloads of feed material with a mixture of PLGA microspheres and B. 
atrophaeus, post-inoculation sampling, another plant cleaning, and post-cleaning sampling. 
Analytical efforts are still ongoing.  Matrix effects have proven to be challenging. 
Disclaimer 
The U.S. Environmental Protection Agency through its Office of Research and Development 
managed the research described here. It has been subjected to the Agency’s review and has 
been approved for publication. Note that approval does not signify that the contents necessarily 
reflect the views of the Agency. 
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inactivate prions
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A Rapid Qualitative Assessment of
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iThe study
At the beginning of April, the Chief Medical Officer called for a qualitative risk assessment to examine
the current methods of disposing of animals slaughtered in response to the foot and mouth outbreak
from a public health perspective. The findings of the risk assessment have been used to determine policy
on disposal of slaughtered animals. The purpose of this report is to bring together and document the risk
assessment information for reference. It should also act as a useful starting point for assessing the public
health implications of any future outbreak of farm animal disease requiring large-scale slaughter and
disposal. The report pulls together a wide range of contributions concerning possible biological and
chemical hazards. Starting with a selected list of approximately 100 hazards potentially arising from
carcass disposal, options have been primarily assessed with regard to risks from the following chemical
and biological sources:
• Combustion gases (most importantly, SO2 )
• Air-borne particulates (PM10)
• Bacteria (such as Verotoxin-producing E. coli (VTEC), Campylobacter, Salmonella and
Leptospira) potentially spread by water
• Water-borne protozoa (including Cryptosporidium and Giardia)
• BSE from cattle (specifically, older cattle).
In the time available, other novel methods of disposal were not considered nor, given the scientific
uncertainties, was a full quantitative analysis of all potential hazards undertaken. Instead, a framework
was developed for identifying the key hazards and assessing how effective the different disposal methods
are in minimising them. Within this framework, we have made use of results of quantitative modelling
where available, but it should be stressed that the more easily-quantifiable risks are not necessarily the
most important ones.
Findings
While the risk of humans acquiring FMD itself is extremely small, disposal of carcasses on the scale now
being undertaken cannot be carried out without some risks to human health. Prior to this analysis, the
preferred options at a national level for dealing with animal carcasses were, in descending order:
• rendering
• incineration
• landfill, using a licensed site (excluding older cattle)
SUMMARY
• pyre burning
• on-farm burial (excluding older cattle).
Although there are many uncertainties, this analysis shows that this ranking is consistent with
minimising the overall risks to public health. In the main, this reflects the point that while the overall
impact of burning carcasses (if properly controlled) should add relatively little to other sources of air-
borne pollution, it is more difficult to rule out potential risks from pathogens carried by groundwater,
especially to users of private water supplies. 
In practice, both air and waterborne risks will have been mitigated by the Environment Agency’s further,
site-specific risk assessment and risk management processes. The importance of carrying out disposal
according to specified guidelines is also stressed here. In particular, where pyre burning has taken place
and a risk assessment indicates that in-situ burial of ash is not an acceptable option, it should be
recovered for high temperature incineration.
The report also stresses the potential risks to human health of delays in disposing of slaughtered animals.
It is suggested that on a per-carcass basis the risks of prolonged delay might exceed the risks of any
disposal method.
The focus of this study has been on public rather than occupational health risks. However those
conducting the disposal are inevitably subject to some exposure to occupational hazards. These can be
reduced, but not entirely eliminated, by proper use of protective measures, though these have to be
tempered by considerations of practicality. The potential risks of front-line workers passing on infection
must also be borne in mind.
As the analysis has progressed, provisional findings have been used to aid policy formulation. Examples
include preparation of further guidance from the Department on minimising risks to public health from
slaughter and disposal used in draft form from 13th April onward and published on 24th April (available
at www.doh.gsi.gov.uk/fmdguidance), and ongoing development of immediate and longer term
environmental and public health surveillance.
Related Documents
This report forms part of a stream of documents related to Foot and Mouth Disease. Other Department
of Health reports can be found in pdf format on the Department’s web site and include the following
documents:
• Foot and Mouth Disease – disposal of carcasses. Program of monitoring for the protection of
public health.
http://www.doh.gov.uk/fmdguidance/
• Measures to Reduce Risk to Public Health From Slaugher and Disposal of Animals – Further
Guidance.
http://www.doh.gov.uk/fmdguidance/
• Foot and Mouth – Effects on Health of Emissions from Pyres Used for Disposal of Animals.
http:///www/doh.gov.uk/fmguidance/
• Public health guidance (in English and Welsh)
http://www/doh.gov.uk/fmguidance/
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Other Department and Agency web sites that also contain useful foot and mouth information include:
• SEAC (Spongiform Encephalopathy Advisory Committee)
http://www.maff.gov.uk/animalh/bse/bse-science/level-4-seac.html
• MAFF (Disease surveillance and control web page including information on Zoonoses)
http://www.maff.gov.uk/animalh/diseases/default.htm
• MAFF (Foot and Mouth Disease web page)
http://www.maff.gov.uk/animalh/diseases/fmd/default.htm
• PHLS (Public Health Laboratory, advice web page)
http://www.phls.co.uk/advice/index.htm
• The Environment Agency (for example information on care with disinfectants)
http://www.environment-agency.gov.uk/
• The Food Standards Agency (information on dioxins)
http://www.foodstandards.gov.uk/
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3Origins of this study
1.1 At the time of writing, the current outbreak of Foot and Mouth Disease (FMD) has yet to run its course.
However it is clear that an unprecedented number of animals – over 4 million, including associated
Animal Welfare culls – will need to be disposed of. This report considers the potential risks to public
health that might arise from disposal on this large scale.
1.2 The work reported here had its origins in a special meeting on the outbreak on 1st April, at which the
Chief Medical Officer committed the Economics and Operational Research (EOR) Division of the
Department of Health to providing a fast public health risk assessment. Specifically, it was agreed that:
“The Department of Health, working with other government departments and relevant agencies will carry
out a rapid, comprehensive, qualitative assessment of the potential risks to public health of the disposal policy
to help inform decisions as the numbers of animals to be disposed of increases.”
As the work progressed, its findings fed into policy formulation, including guidance issued by DH
and others.
1.3 The approach adopted is outlined below. A key role for EOR has been to collate, summarise and use
more detailed investigations carried out by others, notably:
• modelling of air-borne pollutants carried out in parallel with this study by the Public Health
Division (PH5) of the Department of Health (DH), the Department of the Environment
Transport and the Regions (DETR), the Food Standards Agency (FSA), the Environment
Agency (EA) and AEA Technology, and available on the DH website. 
• detailed identification of potential hazard pathways from carcass disposal to humans carried out
by the Environment Agency (EA), and generic analysis provided by DNV Ltd.
• existing analysis of potential Bovine Spongiform Encephalopathy (BSE) / variant Creutzfeldt-
Jakob Disease (vCJD) risks already endorsed by the Spongiform Encephalopathy Advisory
Committee (SEAC)
• commentary on potential radiological risks provided by the National Radiological Protection
Board (NRPB), and
• information on water-borne pathogens from the Public Health Laboratory Service (PHLS)
• input on potential food-borne risks from the Food Standards Agency, and 
• information from the Institute for Animal Health, Compton (IAH – Compton) on potential
human health hazards present in farm animals.
A list of specific contacts is provided at Annex A.
1. Introduction
Scope of Study: questions addressed
1.4 To investigate the current preference ranking of disposal methods from a Public Health point of view, a
key initial task was to clarify the potential risks associated with each one if carried out as specified. So as
to keep a broad view of the issues, this was not taken to be the sole task: the study also considered:
• potential risks associated with the processes leading up to disposal, in particular those arising
from large piles of carcasses left on open sites awaiting transport
• the extent to which risks from each disposal method could be increased by imperfect
implementation (e.g. incomplete compliance with guidelines or intended specifications),
bearing in mind the extreme pressures of time and numbers early in the outbreak
• other factors that might compromise the safety of each method. Examples included
vulnerabilities in the normal systems protecting public health – e.g. treatment of public water
supplies, and adverse weather – e.g. the flooding and wet conditions hampering disposal in
some areas
• the implications of any residual / contingent risks to public health, whether in terms of
additional precautionary measures, monitoring and support, or contingency planning.
1.5 The study concentrated on potential risks to public health, whether of populations living nearby or more
generally. The present report does not systematically consider specific risks to those involved in handling
and disposal of carcasses. However some points on occupational exposures are noted, and the study
served to emphasise the importance of adequate protection.
1.6 Given the tight timescale involved, much of the work was necessarily desk-based. Nevertheless this was
supplemented by first-hand observation and reportage of the situation on the ground in one part of the
country (the South-West). While observations must to some extent reflect local conditions that may
differ elsewhere, they allowed us to gain more information about how disposal – especially by pyre
burning – was being carried out, and about the processes leading up to disposal. As well as direct
observation, the site visits (reported in Annex B) drew on information provided in local interviews with
staff of the Environment Agency, MAFF and disposal contractors, and members of the armed forces and
Police Force. Cooperation was provided generously under difficult conditions and is gratefully
acknowledged.
1.7 Although this study is confined to potential impacts on human health, other risks also warrant
consideration. The EA’s ongoing study also encompasses potential environmental risks – e.g. pollution
of groundwater and rivers. A separate study being carried out by MAFF is considering the potential
feedback of disease into animal populations. Any implications for public health from either study will
need to be kept under review.
Numbers of animals involved
1.8 As a working assumption, analysis was based on an initial MAFF estimate of the numbers of animals
that might have to be slaughtered, i.e. approximately
• 2.6m sheep
• 0.2m cattle born before 1st August 1996
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• 0.6m cattle born on or after 1st August 1996
• 0.6m pigs.
This gives a total of about 4m animals: other animals such as goats have also been involved, though in
much smaller numbers. 
1.9 As of Monday 28th May, the MAFF website reported that approximately 3.2m animals in total had been
identified for slaughter in the FMD cull. About 3.13m of these had actually been slaughtered, of which
about 26,000 (down from a recorded earlier peak of over 400,000) were awaiting disposal. In addition,
over 1m animals had been slaughtered under the Livestock Welfare (Disposal) Scheme introduced to
cope with restrictions on animal movements. 
Disposal options 
1.10 The principal disposal methods prior to the FMD outbreak and the use of mass burial were:
• Rendering 
• Incineration, i.e. “industrial”, high-temperature burning, at a permanent site or using mobile
equipment
• Landfill, i.e. disposal in a lined pit within a licensed engineered landfill site
• Pyre burning, i.e. burning on an open site, either at or away from the site of slaughter
• Burial in unlined pits, either on farms or at other small-scale sites.
1.11 The risk assessment concentrated on the potential hazards associated with each of these options –
especially those toward the bottom of the list – rather than explicitly considering alternative or novel
methods. Though constraints on capacity mean that all have been used, the options are listed in their
order of preference as at the start of the outbreak for animals other than older cattle. 
1.12 For disposal of cattle born before August 1996 or over 30 months of age, specific restrictions have
applied. Where possible, carcasses have been rendered and the products then incinerated. Most
importantly, burial of older cattle in any site (including landfill) has been prohibited in order to
minimise any potential risk from BSE. 
1.13 For “on-farm” burial, the Code of Good Agricultural Practice and the Animal By-Products Guidance that
supports the Environment Agency Groundwater Regulations normally limit burial to 8 tons (roughly
100 sheep, 40 pigs or 16 adult cattle), though in present circumstances larger quantities may be buried
and sites are considered on a case-by-case basis. Small-scale burial of farm animals was already
commonplace prior to the FMD outbreak, as farmers must otherwise pay for removal of carcasses.
However the large number of animals requiring disposal in some areas created a novel situation in
terms of the scale of burial. 
1.14 A further option considered was that of mass burial, potentially involving tens of thousands of animals
at a single site. As compared with on-farm burial, this concentrates the location of hazards, and therefore
requires more stringent site selection, monitoring and aftercare. All such sites have been subject to
approval by the Environment Agency and require authorisation under the Groundwater Regulations
1998. To provide significant overall risk reductions over ‘on farm’ burial, mass burial sites need to make
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use of particularly favourable natural features (e.g. of geology) and be designed, engineered and
constructed to high quality standards. Even in engineered sites, however, the amount of leachate
produced by decomposing carcasses will be higher than for household waste and, in general, there
will be less absorptive capacity available for leachate within the site. 
International Examples of Carcass Disposal 
1.15 A brief international literature review was undertaken of FMD outbreaks between 1999 and 2001
(see Annex K). In all there were 14,898 cases of FMD in 16 countries: 41,989 animals were culled and
disposed of. Eight countries used vaccination to control the disease (154,750 animal being vaccinated)
with quarantine and branding of vaccinated animals also used as control measures. Disposal of animals
culled was mainly by rendering and/or burial, with burning seldom the preferred option. There was no
evidence of disposal having had any effects on human health. As can be seen though, the numbers of
animals culled were much lower than in the current UK outbreak. 
1.16 The scale of the FMD cull in the UK arguably gives it more similarities to animal disposal after a major
natural disaster such as a flood or drought than to FMD outbreaks controlled predominantly by
vaccination. A brief literature review was undertaken, involving about 50 articles, many relating to the
disposal of large quantities of animal material. Examples include events in North Carolina in 1999 after
Hurricane Floyd, the disposal of drought-affected sheep in Victoria, Australia in 1982, trials of
composting sheep carcasses in Canada, and the disposal of beached Sperm Whales in the Netherlands. 
1.17 Hurricane Floyd put much of North Carolina under water, leading to pig waste lagoons bursting their
banks and large numbers of animals drowning (including 2,860,827 poultry and 28,000 swine, though
only 619 cattle). Proper burial and disposal was seen as crucial to prevent public health problems
resulting from decaying animals, including the spread of harmful pathogens, ground and surface water
contamination, and pests. Though dilution of hazards in the floodwaters lessened the potential health
impacts, wells were contaminated e.g. with animal wastes. Such waste products can cause nitrate solution
within drinking water and has been linked to harmful effects in humans and particularly newly born
babies. It is therefore important to test domestic wells for raised levels of nitrates. North Carolina has
drawn together the main lessons learnt. These focus on the fast disposal of carcasses and burial, where
necessary, at sites posing no risk to groundwater. In addition, health advice was issued to local residents
asking them to boil and treat their water, and groundwater wells were tested after the waters subsided.
Potential risks to public health were thus mitigated by the initial dilution of contamination, fast disposal
of carcasses, clear health advice to residents and effective monitoring (Personal correspondence, S. Cline,
North Carolina State Department; Stringham and Watson, 1999; Carver and Morrow,1999).
1.18 In the 1982 drought in Victoria, 250,000 sheep were culled. Due to shortages of solid fuel for burning,
animals were disposed of at mass burial sites, in clay soil where possible. Health risks were minimized by
the animals being slaughtered beside the pits and buried immediately. Although the abdomen of sheep
did rupture and viscera and body fluids contaminated excavation equipment, the risk of pits being
blown open by putrefying carcasses was avoided. It has been suggested that such a disposal method could
be used to good effect elsewhere (Atkins and Brightling, 1985). As an alternative to burial, trials of
composting sheep carcasses have been conducted in Canada (Stanford et al, 2000)
1.19 In the Netherlands in 1994, beaching of sperm whales on the Flemish coast posed a serious disposal
problem (Tassyns, 1997). Being classified as hazardous, the material could not be rendered: large scale
incineration was not possible locally. Burial in a Grade 2 landfill was seen as posing the least risk to
human and animal health, as the site could be monitored and containment was already effective for
domestic waste. Nevertheless difficulties arose, as these sites were not licensed for such disposals.
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1.20 As these examples illustrate, general experience is that carcasses should be disposed of promptly to
mitigate human health risks. The case of North Carolina in particular also highlights the need for timely
health guidance, monitoring and coordination. Containment is never perfect: even engineered facilities
with double and triple liners leak. The difference is in the extent of leakage and the attenuation of
pollutants within and outwith the site. Even the best containment engineering does not remove the
need for vigilant monitoring.
Carcass removal and transport
1.21 As noted, the study aimed to take account of potential risks arising prior to actual disposal of carcasses.
It is therefore worth noting some key points about the pre-disposal process, as far as we have been able
to determine it (see Annex B). In general:
• After confirmation of FMD at a farm, the first priority has been that animals should be
slaughtered to prevent the spread of the disease, if possible within 24 hours of initial
notification. Animals on other farms classified as “dangerous contacts” and those on contiguous
premises have been culled within 48 hours where possible. 
• Slaughter has often proceeded before identification of a disposal option. Animals were then
removed as soon as possible, but disposal had been taking up to 3 weeks early in the outbreak.
• Animals’ coats and fleeces have then been disinfected with 0.2% citric acid or other approved
FMD disinfectant. Carcasses have been left as they fell or piled up, some covered with PVC
sheeting. Animals clinically affected with FMD have had their heads and feet covered to prevent
the spread of disease. Proximity to watercourses or habitation has not been the prime factor at
this point, ease of road access and animal welfare being the key considerations.
• It should be noted that sheep start to liquefy more quickly after slaughter and should be moved
and disposed of within a few hours of death. In practice however, this has not always been
possible. Animals have been known to lie in the fields or close to homes for several days, though
this situation has eased as increasing resources have become available for the disposal operation.
• A vermin control agent has attended the sites where possible and laid rat poison, but birds
such as carrion crows have typically settled and fed on carcasses not covered with PVC sheeting.
If possible, electric fences have been used to exclude foxes.
• Transport from the farm to disposal sites has been in covered vehicles designed to be leakproof.
For farms without good road access, alternatives – e.g. trailers – have been needed: these should
also have been enclosed.
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2.1 Given the urgency of this work, EOR did not, in the main, attempt to build new quantitative models.
Rather, we sought to make best use of results from existing models and other ongoing analysis, and to
integrate knowledge of various potential hazards. As far as practicable, the approach itself was shared
with other Departments and Agencies, at the same time as seeking inputs and information.
2.2 The aim of the study was to provide an overall framework in the form of a (largely) qualitative model
which could be used to weigh up the potential risks from different disposal methods, prioritise attention
to the most significant, and note how these can be avoided or mitigated.
Overall Approach
2.3 The approach used followed standard Risk Assessment methodologies (see bibliography), with some
modifications to take account of timescales etc. The five main elements were as follows: 
Identification of Potential Hazards
The study began with a basic listing of potential hazards, roughly categorised by type. The intention at
this stage was to be as wide-ranging as possible. While as yet going into little detail, information was
gathered on the key characteristics of each hazard.
Identification of Exposure Pathways
The pathways by which hazards from animal disposal could reach humans were categorised. This work
adapted existing generic models of environmental pathways – e.g. leaching from burial sites or ash pits,
or for wind-borne pollutants being inhaled or entering the food chain – to obtain a picture of those most
relevant to each disposal method. 
Preliminary shortlisting of hazards
Drawing on the first two stages, a provisional shortlisting of the hazards that warranted further analysis
was established. Reasons for not including potential hazards in the shortlist were made explicit and have
been kept under review.
Further examination of shortlisted hazards
For the shortlisted hazards, a more detailed assessment has been undertaken. While not fully
quantitative, this makes use of any quantitative information or estimates available. 
2. The Risk Assessment
Comparison of disposal methods
This analysis sought to establish a simple rank ordering amongst the disposal methods listed, based on
their (lack of ) contribution to the shortlisted public health risks.
2.4 These steps are discussed in turn in the following five sections (3 – 7), though in practice there has been
some iteration between them. Section 8 then offers some brief overall conclusions.
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3.1 To produce a broad characterisation of potential hazards to human health from animal slaughter and
disposal, we collated data and judgement from a wide range of sources (listed in Annex A). This was
cross-checked with a detailed assessment of pathways produced independently by the Environment
Agency (extracts from which are at Annex H). The intention was to be as comprehensive as possible,
without pre-judging which hazards might pose the most serious risks.
3.2 As it became available, information was progressively summarised in a format based on the Qualitative
Source-Pathway-Receptor Analysis. This is a standard method used by the National Centre for Risk
Analysis and Options Appraisal based on DETR and Environment Agency guidance, and adapted here
to focus on Public Health issues. The result has been assembled within a spreadsheet and the result
circulated periodically for comment, so providing a single point of reference.
3.3 Key points addressed include:
• type of hazard (e.g. chemical, biological or other) and agent involved
• potential for release: i.e. where the agent would come from, the potential mechanism for release
(e.g. burning, burial or surface decay) and over what timescale
• pathways to human exposure: i.e. the likely location of the hazard and the possible paths to the
human population. Also noted were existing preventive measures that should reduce the risk of
human exposure, or its extent
• potential health consequences of exposure. For example, what population could or would be
exposed? What is known about potential effects on human health of the agent (e.g. dose-
response, symptoms, populations particularly at-risk)? What would be the “leading indicators”
(if any) of significant exposure and/or adverse health effects? 
Summary of Information
3.4 The current contents of the spreadsheet are displayed in full at Annex C, “Data Grid of Potential
Hazards”. Each row in the grid characterises a potential hazard, the table being divided into “biological”,
“chemical” and “other”. 
3. Identification of Potential Hazards
Biological hazards
3.5 Most numerous in this list are microbial agents potentially released by burial of carcasses. We have drawn
on an extensive listing of bacterial and other pathogens that might appear in private water supplies,
provided by PHLS and reproduced at Annex D. Organisms are categorised as follows:
• Zoonoses prevalent in the UK herd, transmissible to humans through drinking water and
considered likely to represent a risk to human health if they gain entry to private water supplies;
• Zoonoses or environmental organisms assessed for the nature of any risk but considered unlikely
to cause human infection if they gain entry to private water supplies; 
• Other organisms that have the potential to cause waterborne disease but are considered highly
unlikely to present a risk to private water supplies as a result of animal burials. This may be
because they are not zoonoses transmitted through consumption of contaminated water (and/or
are not found in cattle, sheep or pigs), and/or because they are not indigenous infections.
All organisms in the first two categories were considered as potential hazards: Annex D provides
alphabetical listings and a brief description of each. Further information was provided by the Institute
for Animal Health on pathogens liable to be present in carcasses, divided into short and longer-term
risks.
3.6 For all these hazards, the main potential route to the human population is through water supplies, plus
in some cases contact via crops, fish or direct contact with animal material. The populations at most risk
appear to be users of private water supplies, and in some cases recreational water users. Due to the
unusual winter weather conditions, flood water and waterlogged soil may heighten concerns. 
3.7 It should be noted that a substantial number of consumers are served by “private” water supplies. Direct
domestic use of private supplies is common in some areas affected by the outbreak. Large commercial
food, drink and dairy establishments can also use supplies from their own boreholes, though such water
will be subject to treatment. Not all household supplies in rural areas may be recorded, though shared
and commercial supplies should be known to local Environmental Health Departments.
3.8 The most significant of the bacteriological hazards to human health are the Verotoxin-producing O157
strain of E. coli (VTEC) and Campylobacter. Public water supplies are believed to be at low risk of
bacterial infection because of standard water treatment, provided there is no inadequacy in this. In
contrast private supplies are vulnerable because of lack of (or less elaborate) treatment and/or from risk
of contaminated run-off reaching holding supplies after treatment. The microbiological quality of these
supplies is particularly vulnerable to heavy rainfall. The importance of site-specific risk assessment for
burial should again be stressed: indeed a number of sites have been abandoned as “too risky” during the
course of the outbreak.
3.9 Some biological agents are less reliably eliminated by public water treatment, though the greatest risks
will still be to users of private water supplies. This applies particularly to Cryptosporidium and Giardia.
As discussed in more detail below, both agents are protozoa (rather than bacteria) and are resistant to
chlorination, though exposure risk is reduced by physical/chemical water treatment processes. 
3.10 Other agents that might be present include prions associated with BSE, as discussed further below.
Possible hazards from Hepatitis E., Polio viruses and human Enteroviruses were also considered, but
none is thought to be prevalent in pigs, sheep or cattle in the UK. 
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3.11 It is important to note that some biological hazards are liable to be short-lived: for example many
bacteria will be killed during decomposition of the carcass. Other hazards may survive in the
environment for much longer periods: protozoa are longer-lived and form cysts, while VTEC can also
persist in soil and water for many weeks. The first, and highest, risk period (potentially involving the full
spectrum of bio-hazards included in the grid at Annex C) is thus while carcasses are awaiting disposal.
After disposal, biological hazards become less numerous over time, dependent on conditions during
carcass decomposition. 
Chemical agents
3.12 Most numerous hazards here are products of combustion, either of animal carcasses or of material used
in pyres. Examples include sulphur and nitrogen dioxide and particulates. Other chemicals may be
released by burning of specific fuels, or by preservatives that might be present in wood used (principally
railway sleepers). Direct inhalation is the most obvious pathway, and exposure would generally be
temporary rather than long-term and cumulative. However with some releases the situation is more
complex, and ingestion could occur through deposition and incorporation into food. In particular,
dioxins are known to be highly persistent in the environment. 
3.13 Other chemicals, such as methane, ammonia and nitrates, are produced during decomposition –
i.e. after burial or during decay of carcasses awaiting disposal. Under anaerobic conditions, the nitrogen
cycle is likely to proceed first to ammonia, which could be then converted to nitrate or nitrite. This
would be a lengthy, continuous process, which could lead to a slow long-term transfer to groundwater.
Nitrate contamination of drinking water would be detected by regular statutory monitoring of public
water supplies. For any potential siting of a large burial pit close to aquifers serving public or private
sources, the site-specific risk assessment should identify the need for suitable frequency of monitoring
for contaminants – not just nitrates – at nearby abstraction points. 
3.14 Airborne pollutants have been the subject of a detailed modelling exercise produced in parallel by Public
Health Division (PH5) of DH, DETR and the Environment Agency, with inputs from AEA
Technology. Subject to inevitable uncertainties, for example on local weather conditions, this allows
some quantification of exposure to each pollutant caused by pyre burning, and also for this to be placed
in the context of emissions from other sources. Results of this study are discussed in Section 6 below.
Risks from delays in disposal and from other sources
3.15 Though there is limited information available on which to judge their seriousness, hazards can come
from decomposing carcasses awaiting disposal, and fluids released from them. Delays in disposal thus
carry risks of their own. Physical hazards and pathways are likely to be qualitatively similar to those
arising from burial, as in both cases carcasses are decomposing into products that may then enter local
water. In addition, the effects of delay seem likely to exacerbate health problems due to stress and
anxiety, though again this is difficult to quantify. 
3.16 In addition to the hazards associated with burial, further factors may come into play when carcasses
decay on the surface:
• Scavenging animals – notably rats, gulls and crows – could act as additional vectors for some
of the hazards already listed, and may also spread other biological hazards. For example rodents
may spread Streptobacillus moniliformis and Leptospira, contaminating untreated water supplies.
The latter, in particular, can have very serious health consequences. 
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• Carcasses of pregnant or lambing sheep can introduce further hazards via dried-out solids or
putrefied fluids left in topsoil. Some agents may be released in wind blown dust, soil or animal
particles: for example Coxiella burnetii could potentially infect humans with Q-fever.
• In normal circumstances, human infection of botulism is rare, and usually food-borne and
there have been no reports of human botulism associated with consumption of drinking water.
This probably reflects the stable and low occurrence of Clostridium botulinum spores in soils
and water. The risk of contaminating ground and surface water may increase if carcasses are left
to decompose. 
3.17 Finally, radiation (from burning or burial of Chernobyl-affected sheep) was also considered as a potential
hazard. However in this case advice available from the National Radiological Protection Board showed
clearly that the possible levels of exposure involved would have negligible effects on health.
Occupational Exposures
3.18 Those actively engaged in slaughter and disposal of the carcasses will inevitably be placed at some
risk of exposure to occupational hazards. Leaving aside physical risks from the process of disposal
(e.g. accidental wounding with firearms), the hazards are likely to be substantially as identified in
Annex C and D, though with potentially very different exposures. 
3.19 An example is provided by the use of disinfectants. Large volumes have been used and large numbers of
staff and contractors working with carcasses could potentially be exposed to them. While the citric acid
used to disinfect carcasses should present no risk to health, other disinfectants recommended for use
against FMD (as listed on the MAFF website) may be used to disinfect vehicles, buildings and people
and are potentially hazardous. In concentrated form they can be corrosive and/or irritant and need to be
handled with care. In previous FMD outbreaks overseas, small children were injured by ingesting
disinfectant (Deutsch et al, 1974). There is also some (probably small) risk of ingestion by staff on site if
disinfectants are sprayed or applied through pressure hoses. However in the diluted form in which the
they are used, they are generally of low toxicity and unlikely to present a substantial risk to health. The
general public should have very little exposure to them.
3.20 Occupational risks can be reduced by proper use of protective measures, albeit tempered by practicality
(fitness for use) considerations. For biological hazards, pathogens of particular relevance to occupational
risks are indicated in Annex D. In some cases, occupational exposure could have wider implications for
public health, for example if front-line workers were to acquire diseases with propensity for human-to-
human transmission, or if pathogens were to be spread on clothing, in vehicles etc. 
3.21 It should be stressed that these concerns do not primarily relate to the risk of humans acquiring FMD
itself. This is very rare, with only a handful of cases in the scientific literature. (A PHLS review can be
accessed in the British Medical Journal of March 11th 2001, at
www.bmj.com/cgi/content/full/322/7286/565.) The 1967 UK outbreak saw only one reported human
case, and there have been no known instances of human-to-human transmission. Nevertheless, doctors
have been asked to report all suspected cases to the Public Health Laboratory Service (PHLS) as a
precautionary measure. In the present outbreak, no suspected human infection has so far been
confirmed.
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4.1 In parallel with the initial listing of hazards, we adapted existing models of environmental pathways
relevant to each disposal method, drawing on models used by EA and risk consultancies. These have
been produced with assistance from DNV Ltd., who have provided an overview of the main pathways
to humans from each disposal option in diagrammatic form (see Annex E).
4.2 The findings of this stage of analysis are summarised in Table 1 overleaf. This considers potential
pathways to humans for each hazard in the full Data Grid (Annex C) for each method of carcass
disposal. For simplicity, some hazards are grouped together. The disposal option for each group of
hazards for which the exposure to humans would be greatest is shown in dark grey: others that would
imply some exposure are shown in light grey. 
4.3 It should be noted that the absence of hazard pathways for rendering is strongly dependent on this
process being carried out to high standards. As the generic diagrams in Annex E show, there are in fact
many potential hazard pathways associated with this process, including the disposal of its by-products.
For rendering to warrant its place at the top of the preference list, control measures must ensure that
only very small probabilities are associated with these pathways. In particular, current guidance is that
MBM and tallow produced by rendering cattle must be incinerated to reduce the potential risk from
BSE (rather than going to landfill, as had historically been the case).
4. Relating Pathways to Disposal
Methods
Table 1: Summary of Potential Health Risks, Disposal Methods and Pathways
DISPOSAL OPTION
Potential Public Health 
Hazard 
R
en
de
rin
g
In
ci
ne
ra
tio
n
La
nd
fil
l
Py
re
Bu
ria
l
Pathwaysof agents 
to humans   
Campylobacter, E.coli 
(VTEC), Listeria, 
Salmonella, Bacillus 
anthracis, C. botulinum,
Leptospira, Mycobacterium
tuberculosis var bovis, 
Yersinia
  
   
Private water supplies 
Direct contact 
Recreational water use 
(Possibly also shellfish)
Cryptosporidium, 
Giardia
Water supplies (mains and 
private)
Crops, shellfish
Direct contact
Recreational water use 
 Clostridium tetani Contact with contaminated
soil
Prions for BSE, Scrapie Water supplies via leachate,
runoff, ash burial
Methane, CO2 Leakage into housing
Fuel-specific chemicals.
Metal salts
Inhalation
Deposition into food chain
Particulates, SO2 , NO2,
nitrous particles 
Inhalation
PAHs, dioxins Inhalation
Deposition into food chain
Disinfectants, detergents Water supply
Inhalation of products?
Hydrogen Sulphide Inhalation
Radiation Distribution of burnt sheep
products  
Key: within each row disposal option with greatest exposure of humans to hazards 
shaded in dark green; other options entailing some exposure in light green 
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Methodology
5.1 To ascertain which of the “long list” of hazards should be prioritised for further attention, we used
modelling studies and expert judgement to consider three simple questions relating to each:
(a) whether the agent/substance involved can have severe health effects on humans in quantities
associated with the disposal operation
(if so)
(b) whether, if released, the hazard would be likely to evade being destroyed or negated prior to
human exposure (i.e. a preliminary judgement about potential pathways)
(if so)
(c) whether the quantity to which humans would be exposed could be sufficient to cause significant
health effects, bearing in mind the type and timescale of exposure (e.g. transient versus
persistent).
5.2 Following this logic (summarised in Figure 1 below), hazards meeting each of these criteria were
prioritised for more detailed analysis. The characteristics of the others also remain on record for
further review. 
Results of Hazard “sift”
5.3 The result of each stage of the “sifting” process is represented in Figure 2 below. The initial list of hazards
is taken directly from the grid in Annex C: brief notes as to why each has been sifted out or taken
forward have been added throughout.
5. Provisional Prioritisation of Hazards
Figure 1: Flow chart for identifying principal public health hazards from disposal of carcasses of 
cloven-hoofed animals
Initial list of potential 
biological, chemical 
and other hazards
Detailed compilation of
relevant hazards
(see Data Grid, Annex C)
Does hazard
have potentially serious 
health effect?
Is hazard likely to evade 
destruction if contamination 
not contained?
Is final exposure 
quantity of concern?
Principal hazards
to public health
Filter 1
Filter 2
Filter 3
Some health effects
Little or no health 
effects
Potentially serious
health effects
Likely to be 
destroyed/negated
Likely to evade
destruction or uncertain
No
Yes
Irrelevant hazards
Uncertain
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Figure 2: Sift for principal public health hazards associated with disposal of cloven-hoofed animals
Pool of hazards (as in Annex C)
Biological Chemical Other
Bacillus anthracis (anthrax) Ammonia and  nitrates Radiation
BSE Benzene etc.
Campylobacter spp Carbon dioxide
Clostridium botulinum (botulism) Carbon Monoxide
Clostridium perfringens Chemicals in wood preservatives
Clostridium tetani
(tetanus)
Chloride
Coxiella burnetii (Q-fever) Detergents
Cryptosporidium spp. Dioxins
Erysipelothrix rhusiopathiae Disinfectant
 Escherichia coli Feedol
Foot-and-Mouth Disease Hydrogen Chloride (HCI)
Giardia spp. Hydrogen Sulphide/ Mercaptans
 Leptospira spp. Metal Salts
 Listeria Methane
Mycobacterium avium paratuberculosis (Crohn's
disease)
Nitrogenous products
Mycobacterium tuberculosis var bovis NO 2
Salmonella spp. Particulates
Scrapie Polycyclic Hydrocarbons (PAHs)
Streptobacillus moniliformis SO 2
Streptococcus suis
Toxoplasma gondii
Yersinia (Y. enterocolitica, Y. fredriksenii, Y.
pseudotuberculosis and Y. kristensenii)
Potential serious health effects Some health effects Little or no effects
(including moderate or serious illness, death) (potential to cause mild to moderate illness) (little or no chance of becoming ill)
Bacillus anthracis (anthrax) Foot-and-Mouth disease (flu-like symptoms) Clostridium perfringens (unlikely to cause infection)
BSE Detergents (potentially when concentrated) Scrapie (thought to affect only animals)
Campylobacter spp. Car & boot disinfectant Ammonia and  nitrates (harmful only in industrialrather than agricultural quantities)
Clostridium botulinum (botulism) Chloride (ditto)
Clostridium tetani (tetanus) Feedol (not seen as dangerous to health)
Coxiella burnetii (Q-fever) Citric acid disinfectant  (food industry product)
Cryptosporidium spp. Nitrogenous products (bad odour)
Erysipelothrix rhusiopathiae
Escherichia coli
Giardia spp.
Leptospira spp.
 Listeria
Mycobacterium avium paratuberculosis (Crohn's
disease)
Mycobacterium tuberculosis var bovis
 Salmonella spp.
 Streptobacillus moniliformis
 Streptococcus suis
 Toxoplasma gondii
 Yersinia (Y. enterocolitica, Y. fredriksenii, Y.
pseudotuberculosis and Y. kristensenii)
Benzene etc. (possible cancer risk)
Carbon Dioxide (asphyxiation)
Carbon Monoxide (anoxia)
Chemicals in Wood preservatives (range of effects)
Dioxins (ditto)
Hydrogen Chloride (HCI) (irritant)
Hydrogen Sulphide/ Mercaptans (toxic effects)
Metal Salts (range of effects)
Methane (localised explosion risk)
NO2  (breathing difficulties)
Particulates (worsen heart & lung disease)
Polycyclic Hydrocarbons (PAHs) (cancer)
SO2 (breathing difficulties)
Radiation (cancer)
Pool of hazards (as in Annex C)
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Filter 1: Does hazard have potentially serious health effect?
Uncertain Likely to evade destruction Likely to be destroyed/ negated
(human disease resulting from
pathway/agent not fully understood)
(normal public health measure or nature
will not destroy or negate agents)
(normal public health measures or nature
should destroy or negate agents)
Clostridium botulinum Clostridium botulinum
Botulism (Likelihood of toxicosis resulting from
drinking water is unclear)
Bacillus anthracis (can remain in soil for many
years)
Clostridium tetani (can survive in the soil for
long periods but population should be
inoculated against Tetanus.  No reports of
infection due to contamination of water
supplies)
Mycobacterium avium paratuberculosis
(Crohn's disease).  Association with human
disease not fully established.
BSE (Very difficult to destroy: remains in all
environment for undetermined time) Coxiella burnetii (not likely to be waterborne)
Mycobacterium tuberculosis var bovis
(Likelihood of TB resulting from carcase burials
is unclear).
Campylobacter spp. (private and recreational
water supplies)
Erysipelothrix rhusiopathiae (not likely to be
transmitted via water and most farm animals
are vaccinated)
 Clostridium botulinum (If present in private,
recreational and surface water could wash into
open wounds be ingested etc.)
Escherichia coli (destroyed by water treatment
of public water supplies)
Coxiella burnetii (can remain in soil and dust
for many months)
Leptospira spp. (very sensitive to chlorine and is
therefore not a risk to public water supplies)
 Cryptosporidium spp.(can evade destruction in
both private and public water supplies and
remains in environment for many months).
Listeria (Does not appear to be a problem in
water distribution main transmission is by food)3
 Escherichia coli (experience in developing
world suggests risk to UK private/ recreational
water supplies and food watered with it)
 Streptocobacillus moniliformis (as with
Leptospira)
Giardia spp. (resistant to chlorine causing public
water contamination and has caused outbreaks
through private and recreational water
contamination)
Streptococcus suis (not likely to be transmitted
via water)
Leptospira spp (known to infect recreational
and private untreated Water supplies )
Toxoplasma gondii (possibly not transmitted by
water, oocysts only excreted by cats)
Salmonella spp. (recreational, private and
sometimes public water supplies have been
affected)
Yersinia (Y. enterocolitica,Y. fredriksenii, Y.
pseudotuberculosis and Y. kristensenii)
(sensitive to chlorinating therefore does not
contaminate public water supplies)
 Streptobacillus moniliformis (as with
Leptospira spp.) Benzene etc. (likely to be burnt off in the fire)
Streptococcus suis (soil)
Carbon Dioxide (mass burial sites will be vented
and monitored)
Yersinia (Y. enterocolitica, Y. fredriksenii, Y.
pseudotuberculosis and Y. kristensenii)
(Infections through private water supplies and
recreational use)
Methane (ditto)
Carbon Monoxide (definitely released into the
air from pyre)
Chemicals in wood preservatives (ditto)
Dioxins (remain in environment e.g. soil for
long periods)
Hydrogen Chloride (HCl) definitely released into
the air from pyre
Hydrogen Sulphide/ Mercaptans (ditto, from
burial)
Metal Salts (combustion products remain in soil
for long periods)
NO 2  (definitely released into air from pyres)
Particulates (ditto)
Polycyclic Hydrocarbons (PAHs) (ditto)
SO 2 (ditto)
Radiation (radioactivity remains in environment
e.g. soil for long periods)
Filter 2: Potentially serious health effect AND is hazard likely to evade
destruction if contamination not contained?
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Uncertain Yes No
(human disease resulting from this
pathway/agent is not fully understood)
(amount and/or timing of exposure to
agent could potentially cause a problem)
(amount and/or timing of exposure to
agent is unlikely to cause a problem)
Clostridium botulinum (Botulism: likelihood of
toxicosis resulting from drinking water unclear
but there could be a risk from private water
supplies) [1]
BSE (very difficult to destroy: remains in all
environments)
Bacillus anthracis: can remain in soil for many
years but unlikely to be present in carcase.
Last UK outbreak of anthrax was in 1997 (1-2
positive carcase due to a incident many years
before on same site).  7,000 carcase were
checked for the disease after sudden death but
none was positive.  [3]
Mycobacterium avium paratuberculosis
(Association with Crohn's disease not fully
established) [1].
Campylobacter spp. (private and recreational
water supplies The most commonly isolated
bacterial gastrointestinal pathogen in the UK
(870/100,000).  Often attributed to raw
chicken but this only explains a proportion of
the cases.  The role of water and non food
borne exposure is still under investigation) [3]
Clostridium botulinum (Can be present in
recreational and surface water which could
wash into open wounds be ingested etc.  Risk
relates to the amount of toxin present) [1]
Mycobacterium tuberculosis var bovis
(Likelihood of TB resulting from carcase burials
is unclear.  No known cases of transmission to
humans through drinking water.)
Coxiella burnetii (can remain in soil and dust
for many months)
Carbon Monoxide (only a risk very close to the
pyre which would be too hot) [2]
Chemicals in wood preservatives (if ash remains
in situ after burns)
Cryptosporidium spp. (known to  remain viable
in recreational,  private and public water
supplies and remains in environment for many
months. 3745 cases in 1998 in England and
Wales) [1, 3]
Dioxins (exposure in diet minor compared with
background exposure via rest of diet) [2]
Metal Salts (ditto & railways sleepers are used)
E. coli (especially VTEC : experience in
developing world suggests risk from private and
recreational water supplies and food watered
with it.  Considered a serious risk by PHLS, but
not as robust as protozoa) [1,3]
Hydrogen Chloride (HCl) (modelled effects
shown to be very close to the pyre, which
would be too hot and therefore not pose a
health risk) [2]
Giardia spp. (resistant to chlorine causing public
water contamination and has caused outbreaks
through private and recreational water
contamination)[1]
Hydrogen Sulphide/ Mercaptans (not present in
concentrations needed to cause a problem)
Leptospira spp. (known to infect recreational
and private untreated water supplies [1]
29 indigenously acquired cases in 1983
NO 2  (air quality standard not exceeded at 2
km) [2]
Salmonella spp. (Recreational, Private and
sometimes public water supplies have been
affected [1].  Present in UK pigs, cattle and
sheep.  Prevalence falling in recent years but still
seen as an important pathogen [3].
Polycyclic Hydrocarbons (PAHs)  exposure has
to be for decades [2]
Streptobacillus moniliformis (as with Leptospira
spp.) [1]
Radiation (Extremely small: radioactivity below
EA exemption levels)
Streptococcus suis (soil) IAL - Compton suggest
a possible risk if pigs are buried in large
quantities or people come into contact with the
carcase.
Yersinia enterocolitica (108 cases in 1998) [3]:
Y. fredriksenii, Y. pseudotuberculosis and Y.
kristensenii (Infections through private and
recreational water supplies possible) [1]
Particulates (modelling suggests these will
exceed air quality standard locally)
SO 2 (modelling suggests this will exceed air
quality standard locally) [2]
 Sources:
[1]. PHLS (2001): Pathogens that may present theoretical threats to private water
supplies as a result of disposal of animal carcases  (Annex D)
[2]. Department of Health (2001): Foot and Mouth: effects on Health of emissions
from pyres used for disposal of animals,     www.doh.gsi.gov.uk   
[3]. MAFF et al (1998) Zoonoses Report UK 1998
Filter 3: As above AND is final exposure quantity of concern?
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Inputs to Specific Risk Assessments
6.1 The information collected on each hazard allowed a provisional characterisation of:
• Exposure pathways of most relevance to each disposal method
• The likely effectiveness of barriers to exposure already routinely in place (e.g. normal water
treatments) 
• Predicted human exposure in “normal” circumstances – how many people might be exposed,
at what levels and for how long.
These factors helped provide an indication of possible consequences for human health.
6.2 Rather than attempting a comprehensive evaluation for all the hazards identified, a sub-set was
considered at this stage, comprising:
• sulphur dioxide (SO2)
• air-borne particulates
• bacterial agents (especially VTEC and Campylobacter) 
• protozoa such as Cryptosporidium
• BSE prions from older cattle.
6.3 In addition to choosing from amongst hazards that pass the “sifting” criteria, the aim was to use a set
that could be considered as “representative”. In the first four cases, the chosen hazards represent the most
serious of a family of items to which similar comments apply. 
Airborne pollutants: Sulphur Dioxide and particulate emissions
6.4 As already noted, these were the subject of a quantitative modelling exercise led by DH, DETR and EA,
assisted by AEA Technology . The initial study concentrated on pyres of 250 cattle (or equivalents) and
was then extended to consider larger pyres burning 1,000 cattle per day for 20 days, with preliminary
analysis also of burning 1,000 cattle in total over 3 days. Summaries of these studies are reproduced in
Annexes F, G respectively and the full report is available on the DH website.
6.5 Sulphur dioxide (SO2) is potentially the most harmful of the various gases released by burning, which
also include NOX, Hydrogen Chloride, Carbon Monoxide, and Polycyclic Aromatic Hydrocarbons
(PAHs). SO2 has been associated with bringing forward the deaths of those already seriously ill with
heart or lung disease. Emissions of particulates would also pose a hazard. However the quantitative
6. Further Examination of Selected
Hazards
models suggest that pyre-burning about half the estimated number of animals destined for disposal
would add only small percentages to normal UK emissions. For example, burning 700,000 cattle,
100,000 pigs and 2,000,000 sheep would add just under 0.3% to annual UK emissions of SO2 and
about 0.35% to those of particulates.
6.6 Assuming that the pollutants emitted from a pyre are roughly proportional to the number of animals burnt
on it, the overall emissions from burning a given number of animals in total should be independent of the
size of pyres used. However the distribution of pollutants would obviously affected by the size of pyres (and
by whether plumes from adjacent pyres overlap). The potential local effects of large pyres could be
substantial. For example in the scenarios modelled, recommended air quality standards would be regained
at a maximum of 3.5km downwind of a pyre burning 250 cattle, but would be substantially exceeded at
4km from a pyre burning 1000 cattle per day. This finding had clear implications for the siting of large
pyres relative to human habitation, even though the effects on air quality would be temporary. 
6.7 The same studies also modelled the emissions of dioxins, which would be deposited on grass and crops
downwind of pyres. Though the proportional impact on total UK airborne emissions would be much
greater than for SO2 or particulates, the potential effects on health appear to be substantially less. For
food intakes of dioxins, the Food Standards Agency has estimated that the deposits from the pyres will
not make a significant increase to the overall exposure to dioxins from the diet. The Agency advised that
some monitoring of dioxin concentration in soil, plants or food, particularly from sites within 2km of
larger on continuous pyres, would be necessary to confirm the original estimates. (Initial air monitoring
results have indicated that dioxin concentrations were below levels typically present in urban areas.) The
Agency is currently sampling around selected pyres to assess the levels of dioxins in locally produced
food, soil and grass, to ensure that there are no long-term effects on food safety.
6.8 As already noted, industrial incineration would contribute to many of the same air pollutants, but at a
much lower level per animal due to this being a higher-temperature and more tightly-controlled process.
Bacterial pathogens: VTEC, Campylobacter and others 
6.9 These are two of many bacterial pathogens of which carcasses are a potential source. 
• The Verotoxin-producing strain of E. coli (VTEC) is of particular concern, for several reasons.
Firstly, its health effects can be severe: up to 10% of those affected develop acute renal failure, of
whom around 5% die. It is carried by up to 2% of sheep and 5-8% of cattle in the UK, and can
survive for many weeks, or longer, in soil and water. 
• Campylobacter is also of concern on the basis of the probability both of its presence in carcasses
and of human exposure. It is the commonest cause of outbreaks of infection associated with
private water supplies.
• Both require only a very small dose to cause infection in humans. For example in Walkerton,
Canada last year, contamination of an unchlorinated public water supply with Campylobacter
and VTEC from cattle led to over 1,000 cases.
6.10 Other significant pathogens include Listeria, Salmonella, Streptobacillus, and Yersinia. Additional risks
might in theory be posed by other agents, including those causing anthrax and botulism and also
Mycobacterium tuberculosis var bovis (bovine tuberculosis). Prevalence of TB in cattle varies greatly by
region: for example there is high prevalence in Devon (where on-farm burial is in any case rare) but not
in Cumbria. To date, however, there have been no recorded instances world-wide of bovine TB spreading
to humans via water supplies.
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6.11 For all the above, water supplies represent the major potential pathway of human exposure. Bacterial
agents should however be killed off by normal water treatment (chlorination). Provided that these
treatments are operating correctly, risks to consumers should therefore be confined to those using private
water supplies. However recreational water users would also be at risk. Some risk might also attach to
exposure to Streptococcus suis if pigs are buried in large quantities and people were to come into contact
with contaminated soil.
Cryptosporidium
6.12 Together with Giardia, this is distinctive in that the agent is a protozoon rather than bacterium. Both,
particularly cryptosporidium, are resistant to chlorine treatment. Although the risk of exposure will be
reduced by treatments such as coagulation, sedimentation, dissolved air flotation and filtration, these
have not always proven to be effective. There are recent and well-documented instances of
cryptosporidiosis being spread by the public water supply (DETR, 1998), some in areas now heavily
affected by FMD. Following these however (and prior to the FMD outbreak), additional measures have
been put in place. These involve a risk assessment for each water treatment site and monitoring of the
supply for Cryptosporidium if the assessment suggests that this is needed. The FMD cull makes it
particularly important that these measures are robust in protecting public water supplies, and that
private supplies are thoroughly monitored. 
BSE/vCJD
6.13 Potential risks from BSE have been subject to extensive modelling. Large scientific uncertainties remain,
not least about potential pathways of transmission. For example, there is no evidence that transmission
by air or water has ever taken place, though a precautionary approach must allow for the possibility.
A helpful overview is provided by the public summary of the SEAC meeting held on 30th March
(http://www.maff.gov.uk/animalh/bse/bse-science/seac/seac0301.html ).
6.14 Low prevalence of BSE in younger cattle (i.e. those born on or after 1st August 1996) has been
reasonably well established, and suggests a differential factor of at least 400 as compared with older
animals. No BSE has been detected in sheep, though the possibility has been raised and a research
programme initiated. This makes this hazard qualitatively different from the others, in the sense of any
risk being highly-dependent on the animals disposed of.
6.15 A risk assessment endorsed by SEAC (SEAC, 2001) tracks the infective dose that might reach the human
population at large from each disposal method via all environmental routes. This implies that for a mix
of dairy and beef cattle (58% and 42% respectively) as in the national herd:
• If 100 older cattle were to be burnt on a pyre, this could be expected to cause of the order of
0.00003 vCJD infections in the whole population (or odds of about 33,000 to 1 against a single
human infection). This is a median estimate, with a confidence interval ranging from essentially
zero to about 0.007 infections.
• Estimates for infections caused by on-farm burial of the same number of cattle are greater by
a factor of just over 6. 
6.16 In view of this differential, burial of older cattle in any site (even landfill) had already been prohibited in
late March, prior to this study. Pyre burning of older cattle is also restricted by Environment Agency
guidance requiring site-specific risk assessments. Nevertheless implementation of these procedures may
not have been complete, particularly given the extreme pressures of time and numbers earlier in the
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outbreak. It is projected that about 200,000 older cattle will have been disposed of by the end of the
outbreak. While the great majority will have been rendered or incinerated, some have been burnt on
pyres. A smaller proportion will have been buried in the early stages of the outbreak.
6.17 Investigations are under way as to the numbers of animals potentiall involved. Pending these, some
illustrative calculations may be illuminating. These are based on the SEAC-endorsed assessment and
Ignore any risk reductions due to site-specific assessments:
• If 25% of these older cattle (i.e. 50,000) were to be pyre-burnt, this would imply a median
expected number of human infections of 0.015, with a 95% confidence range of essentially 0
to 5 infections 
• If 5% (i.e.10,000) of the older cattle were to be buried, the median expected number of human
infections would be 0.002, with a 95% confidence range of 0 to 3.5 infections. 
6.18 In such a scenario, the chance of vCJD infection would remain small. The median estimates suggest that
it would be very unlikely that anyone would be infected. However the large range of uncertainty is
important too, as is the particular nature of the disease – incurable and invariably fatal. Overall then,
these figures serve to illustrate the importance of following the disposal guidelines as closely as possible.
Work is currently under way to check sites at which older cattle may have been buried. Site-specific risk
assessments will then be carried out to determine how any residual risks could be minimised.
6.19 The risks from disposal have also to be weighed against the risks of delay, allowing carcasses to
decompose on the surface. Preliminary calculations set out at Annex J indicate that the relative risk of
vCJD from leaving older cattle to rot on the ground could be higher than on-farm burial – significantly
so if carcasses were to decompose entirely – and much higher than for pyre burning.
Quantification of Risks
6.20 Though providing limited quantification of the risks attaching to BSE/vCJD, we have stressed the
uncertainties involved. Quantification of risks to human health from the water-borne biohazards is also
extremely problematic. Some sense of their relative importance can be gained from the number of infections
normally occurring within the population, of which some details appear in Annex I. We have carried out
some further investigation of how estimates of the likely load per carcass might be combined with analysis of
potential pathways to humans. However any such analysis would be subject to great uncertainty. Scientific
data for different pathogens is of variable quality, and the survival of pathogens in farm soil is not fully
understood. We do not therefore feel that further quantification of these risks can be credibly carried out.
6.21 A confounding factor is the need to take into account the hazard that would have been posed by the same
animals if left alive, i.e. agents passed by normal excretion, or by burial of fallen stock had no FMD
outbreak occurred. For some pathogens, mass slaughter of livestock may well have decreased the overall
load going into the environment (though it should be stressed that only a small proportion of national
herds are being slaughtered). However, there are likely to be significant local variations, arising both from
slaughter and from prevention of normal livestock movements. This interplay of national and local effects is
particularly hard to model. However a rough calculation for the effect of decreasing national herd size is
provided in Annex I. Taking figures from the 1998 Zoonosis Report, this considers the percentage of the
(non food-borne) infections that might be avoided by a reduction in the number of animals through
culling. 
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Summary Risk Characterisations
6.22 Summary “risk characterisation sheets” for each of the chosen hazards follow on the next few pages. 
SUMMARY RISK CHARACTERISATION
Agent: SO2
Description: Sulphur dioxide (SO2) is gas formed during combustion, which oxidises in
water droplets to form sulphuric acid (H2SO4). It causes acidification of soil and surface
water. If inhaled, SO2 is a potent bronchoconstrictor. Sulphur in coal is the main source.
Prevalence in FMD disposal: There is minimal sulphur in carcasses. SO2 will mainly be
formed during combustion of the fuel. There is more sulphur in low-grade fuel oil than
kerosene or natural gas.
Main potential pathway from FMD disposal: 
• Inhalation of gas emitted from incinerator/pyre.
Persistence in the environment:
• Precipitated from the atmosphere usually within several days.
• Inactivation timescale in the ground – unknown, assumed several months
(precipitation as solid salt).
• Inactivation timescale in water – unknown, assumed as for ground.
Desirable disposal options: Methods involving no combustion or low-sulphur fuel. Order
of preference for this hazard:
1= Landfill (no combustion)
1= Burial on farm (no combustion)
3 Rendering (no combustion but SO2 generation from fuel needed for high temperature
process)
4 Incineration (combustion, but with effective controls on releases)
5 Pyre Burning (less controlled combustion, not necessarily with low-sulphur fuel)
Population exposed: Workers near to pyres, residents within area affected by smoke/stack
emissions.
Health effects: Atmospheric exposure to SO2 is considered to be linked to respiratory
symptoms, reduced lung function. Bronchoconstriction is most pronounced in people with
asthma. May bring forward deaths due to heart and lung disease.
Risk perception: High public concern regarding asthma in children, even given difficulty
of demonstrating cause and effect.
Safeguards:
• Fuels for combustion should be low-sulphur as far as possible (e.g. use of kerosene
instead of fuel oil for pyres).
• Pyres should be located in areas of low population.
• Workers and nearby residents should be advised to avoid exposure to smoke.
Risk evaluation: Exposure appears small relative to other sources of SO2, provided pyres
are well-sited and use low sulphur fuels. Acceptability can be improved by further use
the safeguards.
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SUMMARY RISK CHARACTERISATION
Agent: Particulates
Description: Particulates (airborne fine particles) are produced in combustion of fuels.
If inhaled, particulates affect lung function.
Prevalence in FMD disposal: Particulates in burning and incineration consist of ash
particles entrained in the smoke or stack emissions. Particles of cooled ash may also be
entrained in the wind. There are also particulates emitted from rendering due to fuel
combustion for the heating process.
Main potential pathway in FMD disposal: (Based on judgement)
• Inhalation of particulate emissions from incinerator/pyre/rendering plant.
Persistence in the environment:
• Precipitated from the atmosphere, often within several days but can last longer and
travel many kilometres.
Desirable disposal options: Methods involving no combustion or production of fine
residue. Order of preference for this hazard:
1= Landfill (no combustion)
1= Burial on farm (no combustion)
3 Incineration (efficient combustion with flue gas scrubbing)
4 Rendering (no combustion but fuel generation for high temperature process)
5 Pyre Burning (inefficient combustion and no emission control)
Population exposed: Workers near to pyres, residents within area affected by smoke/stack
emissions.
Health effects: Inhalation of particulates is linked to increases in respiratory and
cardiovascular disease. May bring forward deaths amongst those already ill.
Risk perception: Difficulty of linking cause and effect may reduce concern.
Safeguards:
• Measures to control air pollution by minimising particulate emissions from
incinerators/rendering plants. 
• Pyres should be located in areas of low population.
• Workers and nearby residents should be advised to avoid exposure to smoke.
Risk evaluation: Statistical effects of particulates are well-established, though rarely linked
to specific deaths. Exposure appears slight compared to other pollution sources.
Reductions possible by further use of safeguards (May also imply evacuation from areas
of major plumes).
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Agent: Verotoxin E. coli (VTEC)
Description: Escherichia coli (E. coli) is a type of faecal coliform bacteria commonly found
in the intestines of animals and humans. Infection occurs through ingestion of bacteria.
Most strains are harmless, and the few toxic ones are designated as Verotoxin-producing
E. coli (VTEC). The most common VTEC strain responsible for human disease is E. coli
O157-H7. The infective dose is low, possibly only 10 cells. Human infections have
occurred through water supplies
Prevalence in FMD animals: VTEC strains occur mainly in cattle, but also in pigs and sheep.
Main potential pathways in FMD disposal: (Based on judgement)
• Direct ingestion of faeces of contaminated animals.
• Contamination of water supplies by leachate/effluent containing faeces or intestine
contents: hazard can survive for many weeks in soil and water.
Persistence in the environment:
• Can persist in soil or water for many weeks.
• Should be removed by water treatment used for public supplies.
• Destroyed by cooking.
Desirable disposal options: Methods minimising handling of carcasses; methods involving
combustion or high temperatures; methods minimising risks of water supply
contamination. Order of preference for this hazard:
1. Incineration (most complete combustion)
2. Pyre burning (combustion and minimum handling)
3. Rendering (high temperature)
4. Landfill (minimum handling)
5. Burial on farm (possible direct contact if exhumed; more likely contamination of
water supplies)
Population exposed: Workers handling carcasses; consumers of untreated private water
supplies.
Health effects: Symptoms of VTEC infection are mainly diarrhoea, which may range from
mild to severe (haemorrhagic colitis). People normally recover within 2 weeks. About 5%
of cases develop haemolytic uraemic syndrome, which can include kidney failure and have
a fatality rate of about 10%. This is most likely in children.
Risk perception: The effects on children may increase concern.
Existing safeguards:
• Measures protecting hygiene of workers handling carcasses.
• Water supply treatment.
Additional safeguards:
• People handling FMD carcasses to be monitored for infection.
• Water extraction points potentially contaminated to be monitored for E. coli.
Risk evaluation: Risk appears moderate, due to combination of low infective dose and
potentially severe effects. Could be reduced with additional safeguards.
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SUMMARY RISK CHARACTERISATION
Agent: Campylobacter
Description: Ingestion of Campylobacter is the most common cause of diarrhoea
in Britain. 
Prevalence in FMD animals: Occurs mainly in poultry, but also in sheep and cattle.
Main potential pathways in FMD disposal: 
• Direct ingestion of offal or faeces of contaminated animals.
• Contamination of private water supplies.
Persistence in the environment:
• Readily removed by drying, heating or exposure to oxygen.
• Transmission to chickens is believed to have occurred through groundwater.
• Commonest cause of outbreaks associated with private supplies.
Desirable disposal options: Methods minimising handling of carcasses; methods involving
combustion or high temperatures; minimisation of water supply contamination. Order of
preference for this hazard:
1. Incineration (most complete combustion)
2. Pyre burning (combustion and minimum handling)
3. Rendering (high temperature)
4. Landfill (minimum handling, contained burial)
5. Burial on farm (possible direct contact if exhumed, more likely contamination of
ground and surface water)
Population exposed: Workers handling carcasses, consumers of private water supplies
Health effects: Symptoms usually include diarrhoea and stomach cramps. People normally
recover within a week. In rare cases, infection may trigger more serious disease such as
Guillain-Barré syndrome (a severe, paralysing neurological condition).
Risk perception: The common nature of the infection may moderate concern.
Existing safeguards:
• Measures protecting hygiene of workers handling carcasses.
• Water supply treatment.
Additional safeguards:
• People handling FMD carcasses to be monitored for infection.
Risk evaluation: Risk appears low, even for workers, due to combination of ready
disinfection and minor health risks. Acceptability could be improved with additional
safeguards.
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SUMMARY RISK CHARACTERISATION
Agent: Cryptosporidium
Description: Cryptosporidium is a parasite that causes diarrhoea (Cryptosporidiosis).
Infection occurs when a person ingests oocysts (eggs) from contaminated faeces of
infected animals or humans.
Prevalence in FMD animals: Unknown at present, so should assume all infected.
Main potential pathways in FMD disposal: (Based on judgement)
• Direct ingestion of faeces while handling carcasses.
• Contamination of water supplies by leachate/effluent containing faeces.
• Ingestion of contaminated soil.
Persistence in the environment:
• Resistant to disinfection by chlorine, and hence may pass through water treatment
plants.
• Removal by sedimentation and biological sewage treatment is not assured.
• Destroyed by boiling, and hence by incineration, burning or rendering.
• Removal by filtration. 
• Can contaminate groundwater.
• Inactivation timescale – unknown, but may be weeks (assumed viable life of oocysts).
Desirable disposal options: Methods minimising handling of carcasses; methods involving
combustion or high temperatures. Order of preference for this hazard:
1. Incineration (most complete combustion)
2. Pyre burning (combustion and minimum handling)
3. Rendering (high temperature but disinfection not certain)
4. Landfill (leachate treatment may be ineffective)
5. Burial on farm (possible contamination of water supplies)
Population exposed: Workers handling carcasses, water consumers within affected area
Health effects: Symptoms usually include diarrhoea, stomach cramps, fever and nausea,
normally with recovery within a few weeks. People with impaired immune systems, such as
cancer patients, organ transplant recipients and people with HIV/AIDS, may suffer prolonged
diarrhoea and weight loss, which may be life-threatening. There is no cure at present.
Risk perception: The effects on already vulnerable groups may arouse particular concern.
Existing safeguards:
• People with immune impairment are advised to avoid drinking unboiled water.
• Water utilities are expected to use risk assessment to minimise potential contamination.
Additional safeguards:
• People handling FMD carcasses to be screened for immuno-suppression, reminded
to avoid faecal contamination, and provided with adequate washing facilities.
• Water extraction points potentially affected by burial/landfill/rendering to be
monitored.
Risk evaluation: Risk appears significant, both for workers in all disposal options, and for
private water consumers in landfill/burial areas. Might be made acceptable with additional
safeguards.
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SUMMARY RISK CHARACTERISATION
Agent: Prions (BSE)
Description: a fatal neurological disease of cattle, in which a distorted form of protein
(prion) slowly propagates through nervous and lymphoid tissue. The human form is
variant Creutzfeldt-Jakob disease (vCJD). Variant CJD infection is believed to occur via
ingestion of BSE-contaminated tissue.
Prevalence in FMD animals: Approximately 0.4% of older cattle tested positive on
slaughter during 2000. Prevalence in younger cattle is substantially less, by an estimated
factor of at least 400.
Main potential pathways from FMD disposal:
• Contamination of water supplies by leachate/residual ash/effluent containing
particles of nervous tissue.
• Inhalation of particles emitted from incinerator/pyre.
• Ingestion of contaminated surface water.
Persistence in the environment:
• Resistant to disinfection by chlorine: may pass through water treatment plants.
• Removal by sedimentation and biological sewage treatment is not assured.
• Destroyed by prolonged heating (effective incineration); substantially reduced by
burning or rendering.
• Removal by filtration is uncertain, and hence may remain in groundwater.
• Inactivation timescale in the ground – several years (biodegradation of proteins).
• Inactivation timescale in water – unknown.
Desirable disposal options: Methods involving combustion or high temperatures;
methods minimising spills of uncombusted material. Order of preference for this hazard:
1= Rendering (high temperature and contained products)
1= Incineration (most complete combustion)
3= Pyre Burning (combustion, but possibly combustion)
3= Landfill (contained, but some risk from leaching: currently prohibited for older cattle)
5 Burial on farm (possible contamination of water: currently prohibited for older cattle)
Population exposed: Water consumers within area potentially contaminated, workers near
to pyres, residents within area affected by smoke/stack emissions
Health effects: Following an asymptomatic period of around 10 years or more, vCJD
symptoms involve a deteriorating mental condition usually leading to death within months
of clinical onset. There is no cure at present.
Risk perception: The rapid mental deterioration in young victims and the uncertainty over
the population infected have aroused particular concern.
Existing safeguards: 
• Measures aimed at preventing animal waste/effluent contaminating water supplies.
• Older cattle not to be buried on any site and given priority for
rendering/incineration. 
• Site-specific risk assessment of pyre burning (should make this preferable to landfill).
Risk evaluation: Any significant risk of vCJD infection would be considered unacceptable.
Risk will be minimised if existing safeguards are followed.
30
A Rapid Qualitative Assessment of possible risks to Public Health from current Foot & Mouth Disposal Options
31
7.1 One aim of this study was to compare the relative merits of different disposal options from a public
health point of view, taking account of the range of different hazards. In particular, it was important to
assess whether the preference order for methods established at the start of the outbreak appeared
justifiable and robust. Scientific uncertainties precluded the use of a fully-quantitative analysis (even
leaving aside the challenge of comparing different individual health outcomes), while time did not
permit the alternative of a full weighting-and-scoring system based on expert judgement. 
7.2 Some reasonably robust conclusions could however be suggested. Unsurprisingly, (engineered, licensed)
landfill is always preferable to unlined burial, and incineration to pyre burning. In both cases, the more
preferred option was subject to existing controls, which would reduce potentially-harmful emissions.
(Dependent on the procedures put in place, the same may apply to mass burial in lined pits.) One way
of arriving at an overall ordering is through a comparison matrix, for example as in Table 2 below. This
considers how each disposal option performs against the “shortlisted” hazards discussed in the last
section. As in the Table 1, shading in each cell represents one of three risk ratings, dark grey (for the
option creating greatest human exposure to the given hazard), blank (where the risk is non-existent or
negligible), and light grey (for all intermediate cases). 
Table 2: Rough scoring of disposal options against hazards
*older cattle only: note that the “blank” cell for rendering is dependent on solid products then going
for incineration
DISPOSAL OPTION
Potential Public Health
Hazard
R
en
de
rin
g
In
ci
ne
ra
tio
n
La
nd
fil
l
Py
re
Bu
ria
l
Cryptosporidium
BSE*
Sulphur Dioxide
Particulates
E. coli, Campylobacter
RANK 1 2 3 4 5
7. Comparison of Disposal Methods
7.3 While obviously a very rough approach, the result is informative. If “dark grey” cells are always counted
as worse than “light grey” and these are always worse than “blank”, this largely qualitative assessment
actually suffices to establish the ranking in the bottom row.
7.4 This approach does however treat the hazards in each row as being of equal weight, which is at best
arbitrary. Although this is open to debate, there are some reasons (e.g. reflected in the “summary
characterisation” sheets given in the previous section) to regard the hazards in each row as of roughly
decreasing order of importance from provided the appropriate control measures are in place. Thus, for
example, the risk from Cryptosporidium is less easily managed and more persistent than that from E coli
or Campylobacter. Modelling of the air-borne hazards suggests that these pose relatively little general risk,
given attention to issues around the siting of large pyres: the exposure is also temporary in nature. 
7.5 It can be shown that linear weighting of the hazards, from top to bottom, will usually preserve the
ordering of the overall scores for the disposal options. Both the weighted and unweighted models thus
supported the existing preference ordering. The entry for BSE is, as already noted, a special case in
applying only to older cattle. However its removal leaves the preference order unchanged if the disposal
of other animals is evaluated against the remaining hazards to public health. 
7.6 Though insufficient time was available in this case, available, this crude approach to ranking can be
extended in a number of ways. For example a “Delphi” approach of repeated consultation can facilitate
consensus expert judgements. Alternatively, an index can be built up for each disposal option by scoring
different components of each risk. If used in future, either approach could be complemented with
sensitivity analysis of the overall ordering of options. 
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Overview
8.1 In order to inform policy, this necessarily rapid and mainly qualitative risk assessment considered a wide
range of biological, chemical and other hazards. The expertise of many contributors was used to draw up
a comprehensive listing of hazards generated by the five carcass disposal methods in use, and their
potential pathways to human exposure. The risk assessment methodology identified and focussed on the
most significant of these, as follows:
Biological hazards Chemical hazards
• bacteria such as VTEC, Campylobacter,
Salmonella and Leptospira potentially 
spread by water
• Water-borne protozoa (including 
Cryptosporidium and Giardia)
• BSE/vCJD from older cattle
8.2 To consider the potential risks to public health, and how they would be avoided, contained, spread or
mitigated by the various disposal methods, the principal hazards were characterised using the data grid
and exposure pathways detailed in the annexes. The absence of data on the scale of individual biological
hazards for cattle, sheep and pig carcasses has only allowed the overall analysis to be qualitative. However
it has drawn on quantitative models where possible, notably on BSE/vCJD and on the effects of
chemical air pollution.
8.3 Comparing the residual hazard from each disposal option from a public health point of view suggested a
preference ranking matching that adopted by MAFF and the Environment Agency, i.e.:
Sheep, pigs and younger cattle Older cattle
• rendering 
• incineration
• landfill 
• pyre burning
• burial
• rendering (with MBM/tallow incinerated)
• incineration
• pyre burning
• airborne particulates (PM10)
• combustion gases (primarily SO2)
8. Conclusions
Quality Assurance
8.4 Exposure to hazards will obviously be minimised if selected disposal options are applied speedily and
properly. Some effects of poor disposal practice would be immediately apparent (e.g. smoke plumes from
inappropriately-sited pyres). Others, such as seepage from burial pits, could take longer to be noticed.
Residual risks have been minimised by local risk assessment of the sites and the monitoring of the
disposal process to ensure that MAFF and EA guidelines are met.
8.5 This report has also stressed the potential risks of delay in disposal of carcasses, for example through local
contamination of water supplies if animals are left to decompose on the surface. Potential concerns here
relate to many of those identified for burial, albeit with carcasses decaying on open ground on sites not
chosen for their hydro-geological characteristics. The additional hazards posed by scavengers and by
dried-out animal remains have also been noted, as has the relative risk posed by BSE in older cattle if
these are left to decay. In general, the risks of surface decay are liable to exceed those of any current
disposal method. Should delays occur in future, the process of decay will be speeded up by the onset of
warmer weather.
Health guidelines
8.6 Guidelines to reduce potential public health risks from slaughter and disposal of animals are shown
in Annex L. Consolidating earlier advice and site-specific guidelines, these:
• emphasise the need for early disposal of carcasses, with identification and segregation
of older cattle
• recommend the preference order of disposal methods cited above
• provide specific guidance on burial and pyre-burning, including the disposal of ash
• set out monitoring measures to ensure the safety of the human food chain and the integrity
of water supplies
• set out the organisational arrangements for public health input locally and regionally.
8.7 Systematic longer term monitoring of the disposal sites and their immediate proximity will be required.
This may involve monitoring the environment, personnel involved in the disposal process and the
public. Such monitoring is now in train, and should be of help for contingency planning and in
providing information in the event of local environmental problems – e.g. flooding – later on. 
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Foreword 
Following the events of September 11, 2001, addressing the critical needs related to homeland security 
became a clear requirement with respect to the U.S. Environmental Protection Agency’s (EPA’s) mission 
to protect human health and the environment. Presidential Directives further emphasized EPA as the 
primary federal agency responsible for the country’s water supplies and for decontamination following a 
chemical, biological, and/or radiological (CBR) attack. To support the EPA mission with respect to 
response and recovery from incidents of national significance, the National Homeland Security Research 
Center (NHSRC) was established to conduct research and deliver products that improve the capability of 
the Agency to carry out its homeland security responsibilities.  
 
One specific goal of NHSRC’s research is to provide information on decontamination methods and 
technologies that can be used in the response and recovery efforts resulting from a biological incident. 
The complexity and heterogeneity of surface decontamination necessitates the understanding of the 
effectiveness of a range of decontamination options. In addition to effective volumetric decontamination 
approaches (e.g., facility fumigation), more rapidly deployable or readily available alternative surface 
decontamination approaches have also been recognized as a tool to enhance the capabilities to respond 
to and recover from such incidents. 
 
Through working with EPA’s Federal Partners (for example, Department of Homeland Security and 
Department of Agriculture), NHSRC is attempting to understand and develop useful surface 
decontamination procedures for agriculturally-relevant situations such as a foreign animal disease 
incident.  This report documents the results of a laboratory study to better understand the effectiveness 
of surface cleaning and decontamination methods and to develop a readily-deployable treatment 
procedure for surfaces contaminated with highly pathogenic biological agents. Studies such as this 
advance our ability to respond and recover from incidents of national significance where biological agent 
has contaminated commodities and facilities.    
 
These results, coupled with additional information in separate NHSRC publications (available at 
www.epa.gov/nhsrc) can be used to determine whether a particular decontamination technology can be 
effective in a given scenario. NHSRC has made this publication available to assist the response 
community to prepare for and recover from incidents involving biological contamination. This research is 
intended to move EPA and its Federal Partners one step closer to achieving the nation’s homeland 
security goals and the agency’s overall mission of protecting human health and the environment while 
providing sustainable solutions to our environmental problems. 
 
 
  Jonathan Herrmann, Director 
National Homeland Security Research Center 
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Executive Summary 
This project supports the U.S. Environmental Protection Agency (EPA), through its National Homeland 
Security Research Center (NHSRC) Decontamination and Consequence Management Division (DCMD), by 
providing relevant information pertinent to the decontamination of contaminated animal facilities resulting 
from an agro-terrorism incident or foreign animal disease (FAD) event. The primary focus of this project is to 
evaluate and improve the effectiveness and practical application of in situ, cost-effective alternative 
decontamination methods to remediate and restore areas contaminated by biological threat agents. These 
decontamination techniques rely on equipment (garden hoses, portable chemical sprayers, power washers) 
and application of liquid decontaminant solutions that are cost-effective and readily available.  
The aim of this research was to assess the effectiveness of two decontamination application methods and 
two decontaminants: the use of either a portable, battery-powered backpack sprayer or a motorized power 
chemical sprayer to dispense antimicrobial solutions of either pH-adjusted bleach (pH-AB) or Ready-to-Use 
(RTU) Spor-Klenz® onto contaminated surfaces. The performance of these two decontamination procedures 
and two decontaminants was evaluated with respect to the physical removal, inactivation, and overall fate of 
spores on “medium-sized” 35.6 cm by 35.6 cm (14 in by 14 in) and “large-sized” 101.6 cm by 101.6 cm (40 
in by 40 in) pressure-treated wood and concrete pieces (coupons). These materials were chosen because 
of their common occurrence in animal production facilities. Coupon materials were inoculated (loaded) with 
1 x 106 - 5 x 106 B. atrophaeus spores using metered dose inhalers (MDIs) provided by the U.S. Army 
Edgewood Chemical Biological Center (ECBC) according to a proprietary protocol. Bacillus spores were 
used as surrogates for all FAD biological agents since they are highly resistant to chemical inactivation and 
represent a conservative estimate of decontamination effectiveness. Each “medium-sized” coupon was 
inoculated independently by being placed into a separate aerosol deposition apparatus (ADA) designed to fit 
one 14 in by 14 in coupon of any thickness. For the “large-sized” coupons, inoculations with spores were 
performed using nine ADAs aligned side-by-side (three rows of three) to cover the entirety of the surface. All 
coupons were free of dirt or grime. 
The effectiveness of each decontamination method was first evaluated using the “medium-sized” coupons in 
a custom built test chamber, testing three coupons at a time in a vertical orientation, under varying 
conditions (Task I). Ten different test runs were set up with variations in application methods and 
antimicrobial solutions, as well as variations in spray time, rinse methods and time, and total contact time.  
Results from the “medium-sized” coupon tests were then used to develop two decontamination procedures 
applying antimicrobial solutions to “large-sized” coupons inside an enclosed, single-access-point chamber 
designated as the “Consequence Management and Decontamination Evaluation Room (COMMANDER)” 
(Task II). These tests were designed to evaluate the decontamination approach on a pilot scale. The pilot 
scale offers not only more realistic assessment of the effectiveness of the decontamination procedures than 
small scale testing (e.g., in a small chamber), but also more insights on the operational parameters such as 
time, physical impacts on materials and equipment, impact on the remediation crew (e.g., physical exertion), 
and spore cross-contaminations arising from the by-products of the decontamination processes (rinsate, 
exhaust, and decontamination equipment). 
The major findings from this study are as follows: 
• pH-Adjusted bleach was highly effective (approximately 6 log reduction (LR)) on wood and 
concrete when used with a thirty-minute contact time and two applications. 
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• Spor-Klenz® was more effective on wood than on concrete. 
 
• For concrete coupons, pH-adjusted bleach was more efficacious than Spor-Klenz®. 
 
• Reduction of the number of pH-adjusted bleach applications and contact time resulted in lower 
decontamination efficacy for surfaces and greater amounts of spores detected in rinsate and 
aerosol samples. 
 
• Decontaination efficacy was similar between the two evaluated application devices (backpack 
sprayer and pressurized sprayer) despite significant differences in volume of decontaminant 
delivered to the coupon surface.    
 
• Viable biological agent was detected in aerosol and rinsate (runoff) samples during all tests and 
can therefore be a significant source of cross-contamination during a remediation 
 
• Elimination of a rinse step from the decontamination procedure did not reduce surface 
decontamination efficacy, and may be a viable option on materials not susceptible to corrosion. 
 
• Worker fatigue may be of concern in an actual remediation as heat and exhaustion were 
experienced by laboratory workers when conducting scale-up tests that required level C personal 
protective equipment. 
 
More specifically, most tests performed during Task I achieved the target efficacy from surfaces of greater 
than 6 Log Reduction (LR), a widely accepted standard for demonstrating sporicidal efficacy (e.g., 1 LR 
would be a reduction of 10, 2 LR would be a reduction of 100, 6 LR would be a reduction of 1 million, etc.). 
The decontamination by means of pH-adjusted bleach was accomplished by a combination of removal and 
inactivation of spores. Viable spores were found in both the rinsate and bioaerosol samples. Of the 
procedures tested, those incorporating pH-adjusted bleach were more effective for decontamination on 
concrete and wood than Spor-Klenz®. The lower log reduction (4 LR) seen in one test with wood may have 
been the result of material demand (i.e., reduction in activity of the decontaminant though reaction with the 
test material) in conjunction with a single application of the pH-adjusted bleach; one spray application does 
not appear to provide enough pH-adjusted bleach to overcome the demand of wood. The surface LRs for 
tests utilizing Spor-Klenz® were comparable to those with pH-adjusted bleach on treated wood, but 
significantly lower on tests involving concrete (< 3 LR).  
Based on the Task I results, the most effective decontamination procedures were developed for further 
testing in Task II: the use of pH-adjusted bleach by backpack sprayer, sprayed on either concrete or wood, 
and rinsed or not rinsed. These procedures all used two, 30-second spray times every 15 minutes, for a 
total of 30 minutes of spray exposure per application. Procedure 1 included a rinse step, and Procedure 2 
did not include this step. The results indicate that the two decontamination approaches were equivalent in 
decontaminating the two types of materials. The results also suggest that rinsing is not needed for these 
decontamination procedures to be effective on concrete and wood. However, if applications were to be 
made to surface materials sensitive to bleach (e.g., stainless steel), rinsing might be desirable from that 
standpoint as bleach and other aggressive oxidants are known to cause corrosion of numerous surfaces.  
LRs were approximately 6 for concrete and just under 6 for wood. 
The overall fate of the biological spores was assessed, not only for the viable spores recovered from the 
surface of the materials, but also for fugitive viable agent escaping in the rinsate and aerosol fractions.  
Aerosol samples collected using bioaerosol filter cassettes during testing with the “medium-sized” coupons 
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show that re-aerosolization of viable spores can be expected during the decontamination process. Although 
one test with the “large-sized” coupons suggests that spores were dislodged during the first 
decontamination step and were constantly removed from the chamber (due to air exchange) following that 
release, further evaluation of the data indicates that there was likely cross-contamination and re-
aerosolization of ambient spores in the chamber. However, the data do indicate that spores can be 
expected to be re-aerosolized in a field decontamination event and could be expected to travel through the 
Heating, Ventilation and Air Conditioning (HVAC) system (if operating) during decontamination and 
potentially spread contamination throughout a facility.  
For most of the “medium-sized” coupon testing, the number of colony forming units (CFUs) recovered in the 
rinsate was below the detection limit. However, in the tests where only one short application of pH-amended 
bleach (pH-AB) was used, a large number of viable spores were physically removed from the surface during 
the decontamination and rinse steps. Such rinsate would potentially cause contamination to spread if not 
properly collected and treated. 
The collection troughs for the “large-sized” coupon rinsates were immediately contaminated once brought 
inside the test chamber during test set-up. However, the rinsate contamination was systematically higher for 
the concrete coupons over the wood coupons and suggests that the contamination is coming from the 
coupons themselves. The loose material from the concrete coupons might have dropped into the trough 
while it was being placed under the coupon. Despite the occurrence of viable spores in the troughs prior to 
testing, the data suggest that active spores were transferred to the rinsate, as viable spore abundance in 
these samples increased by approximately 1 x 105 following the decontamination procedure that utilized a 
rinse step. 
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1. Introduction 
Contamination of farm animal facility surfaces 
and equipment during a Foreign Animal Disease 
(FAD) outbreak could pose potential risks to 
human and animal health following an incident. 
Viable options for returning contaminated items to 
pre-incident risk levels are of immediate need. In 
response to data gaps/needs identified by the 
National Science and Technology Council 
(NSTC) Subcommittee on Foreign Animal 
Disease Threats (FADT), Decon and Disposal 
Working Group, which is co-chaired by the US 
Department of Agriculture (USDA) and the US 
Environmental Protection Agency (EPA), the 
EPA’s National Homeland Security Research 
Center (NHSRC) conducted a study to measure 
the effectiveness of selected physical and 
chemical cleaning and disinfection methods for 
removing, reducing or inactivating FAD threat 
agents on different surface materials.  
This project supports the missions of the USDA 
and US Department of Homeland Security (DHS) 
by increasing capabilities to respond and recover 
from an agro-terrorism or Foreign Animal Disease 
(FAD) incident.  NHSRC’s expertise in outdoor 
decontamination testing and evaluation was 
sought in order to advance the state of the 
science and benefit all agencies involved. This 
project also supports the mission of the NHSRC 
by providing relevant information pertinent to the 
decontamination of outdoor surfaces 
contaminated during a biological incident and 
supports the NHSRC’s mission as delineated in 
Homeland Security Presidential Directive 5, 7, 
and 9.    
During the decontamination activities following 
the 2001 anthrax incidents, a combination of 
removal and in situ decontamination was used. 
The balance between the two was facility-
dependent and factored in many issues (e.g., the 
nature of the contaminant, the physical state of 
the facility, etc.). One factor was that such 
remediation was unprecedented for the United 
States Government (USG) and few technologies 
had been proven for such a large-scale use at the 
time. The cost of disposal proved to be very 
significant and was complicated by the nature of 
the waste (e.g., finding an ultimate disposal site). 
Since 2001, a primary focus for facility 
remediation has been improving the effectiveness 
and practical application of in situ 
decontamination methods and evaluating waste 
treatment options to be able to provide 
information necessary to make the 
decontamination/disposal strategy more efficient 
(i.e., less costly, less time-consuming, and more 
efficacious).  
1.1 Objectives 
The primary objective of this study was to 
address decontamination method gaps that 
currently exist for response and recovery from an 
FAD outbreak at an animal production facility. 
Bacillus spores were used as surrogates for FAD 
biological agents since they are highly resistant to 
inactivation and represent a conservative 
estimate of decontamination effectiveness.  
A number of procedures using two active 
decontamination solutions were evaluated, using 
equipment expected to be available at such a 
facility (i.e., garden hoses, pressure washers, and 
portable chemical sprayers). The 
decontamination agents tested were pH-adjusted 
bleach (pH-AB) and Spor-Klenz® RTU, a broad 
spectrum disinfectant and sporicide (details of 
both decontaminants given in Appendix E - 
Decontamination Process). The effectiveness of 
combined steps of the procedures was tested on 
“medium-sized” 35.6 cm by 35.6 cm (14 in by 14 
in) pieces (coupons) of the selected materials 
(Task I) and “large-sized” 101.6 cm by 101.6 cm 
(40 in by 40 in) pieces (Task II). Both coupon 
sizes are larger than those used commonly in 
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other decontamination testing1-4, but smaller than 
what will likely be encountered in the field (e.g., 
roadways, walkways, and walls). The medium-
sized coupons allow numerous materials and 
decontaminants to be tested under varying 
conditions with replication. In addition, 1 sq. ft. 
size is the preferred surface area for wipe 
sampling. The 35.6 cm by 35.6 cm (14 in by 14 
in) coupons offer this surface area size for 
decontamination and sampling.  The large-sized 
coupons were used to provide insight into and a 
more realistic application of decontamination and 
sampling methods. Operational parameters such 
as time, physical impacts on materials, impact on 
the remediation crew (e.g., physical exertion), 
and fate of the viable spores (e.g., contamination 
of equipment, wash water, filters) were also 
determined. 
1.2 Experimental Approach 
The general approach used to meet the 
objectives of this project was: 
• Use of experimental chambers with controlled 
environmental conditions, standardized 
coupons and spore inocula; 
• Contamination of medium- and large-sized 
pieces of materials (coupons) via aerosol 
deposition of bacterial spores; 
• Quantitative assessment of spore 
contamination by sampling positive control 
coupons (coupons contaminated with the 
bacterial spores in the same manner as test 
coupons, but not subjected to the 
decontamination treatment being tested prior 
to sampling); 
• Application of a prescribed decontamination 
procedure to the test coupons and procedural 
blanks;  
• Quantitative assessment of residual 
contamination by sampling test coupons and 
procedural blanks; 
• Quantitative and qualitative analysis of 
decontamination procedure residues (e.g., 
waste water, aerosol samples); 
• Determination of decontamination 
effectiveness (comparison of results from 
positive controls, negative controls and test 
coupons); and 
• Documentation of operational considerations 
(e.g., cross-contamination, procedural time, 
impacts on materials and personnel). 
For the purposes of this project, effectiveness of 
a procedure was evaluated by generating a 
quantitative estimate of the reduction of viable 
spores on a surface, measured as “log reduction”.  
In addition, determining the extent to which viable 
spores were relocated to rinsate water (runoff) or 
aerosol droplets is important for implications 
regarding fugitive emissions and downstream 
health risks.  
Log Reduction (LR) can be defined as the 
amount of reduction in viable spores required to 
move the decimal one place, or reduce the 
exponent in scientific notation by one.  If starting 
with one million spores, a log reduction of 2 would 
result in a 99% reduction, or a change from 1 x 
106 to 1 x 104.  A 5 LR would be 99.999% 
reduction, or a change from 1 x 106 to 1 x 101. 
The general test approach for Task I is depicted 
graphically in the flow chart shown in Figure 1-1. 
Details of the types and numbers of materials 
tested, as well as the procedures used for 
contamination, decontamination, sampling and 
testing, are described in Section 2 and in the 
attached appendices.  
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Figure 1-1. Task I Test Approach Flow Chart 
 
The two materials investigated in this study were 
concrete and pressure-treated wood. These 
materials were chosen due to their common 
occurrence in animal production facilities. Prior to 
the start of testing, medium-sized 35.6 cm by 
35.6 cm (14 in by 14 in) and large-sized 101.6 cm 
by 101.6 cm (40 in by 40 in) coupons were 
fabricated (see Section 2) for Task I and Task II, 
respectively. The coupons were then sterilized 
(see Appendix A). The 35.6 cm by 35.6 cm (14 in 
by 14 in) coupons were sterilized in groups (by 
autoclave for concrete and by STERIS VHP® 
1000ED (STERIS Corporation, Mentor, OH) for 
pressure-treated wood) identified by sterilization 
batch number. The 101.6 cm by 101.6 cm (40 in 
by 40 in) coupons were sterilized in place using 
250 ppmv (parts per million volume) vaporized 
hydrogen peroxide (H2O2) generated by a VHP® 
1000ED for 4 hours.  
Prior to use, all test equipment intended to come 
in contact with coupons or samples was sterilized 
via autoclave sterilization at 121 °C, 103 kPa (15 
psi) or by a STERIS VHP® cycle at 250 ppmv 
H2O2 for 4 hours. All laboratory work surfaces 
were wiped with Dispatch® bleach wipes 
(Caltech, Midland, MI), rinsed with DI water, and 
dried with 70 percent ethanol (VWR, West 
Chester, PA).  
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In an actual incident, contaminated surfaces must 
undergo an organic burden reduction step prior to 
undergoing an effective decontamination with 
chemicals. This study uses burden-free materials 
and makes no attempt to determine the 
effectiveness of decontamination of heavily soiled 
materials since the removal of organic burden 
and surface pre-cleaning are assumed. Burden 
reduction steps would likely require significant 
additional effort in an actual incident.However, 
burden reduction may aid in surface 
contamination removal. Further testing utilizing a 
standardized burden on material surfaces is 
currently underway to better understand the 
effects of grime on decontamination efficacy. 
1.2.1 Task I Approach 
Day 1 of testing involved coupon inoculation and 
preparation for testing on Day 2. The required 
number of pre-sterilized test and positive control 
coupons were loaded with the target spores. The 
procedural blank coupons were also located with 
the test and positive control coupons, but were 
not intentionally loaded with the target organism. 
The coupons remained isolated in independent 
deposition devices throughout this time. 
On Day 2, the inoculated (and procedural blank) 
coupons were removed from the deposition 
devices and loaded into their respective cabinets 
(positive controls and test coupons into the Test 
Coupon Cabinets and the procedural blanks into 
the Procedural Blank Cabinet) until being 
retrieved for use in the decontamination test. 
Task I coupons were tested in the small chamber 
(see Section 2.3.1) in a vertical orientation. 
Procedural blank coupons were subjected to the 
decontamination procedure first, followed by the 
test coupons. The decontamination procedure 
was completed on all test coupons of one 
material type before moving on to the next 
material. After the decontamination procedure 
was applied to a coupon or set of coupons, the 
coupons were moved to the appropriate cabinet 
for drying (test coupons to the Decontaminated 
Coupon Cabinet and procedural blanks to the 
Procedural Blank Cabinet).  
The temperature and pH of the pH-adjusted 
bleach solution and DI water, and the 
temperature of the Spor-Klenz® were measured 
at the initiation of a test and prior to the start of 
each test set (i.e., material type). The flow rate 
from the backpack sprayer (SRS-600 Propack, 
SHURflo, Cypress, CA), the pressure washers 
(John Deere 3300 psi, Model 020382 and Troy 
Bilt 2550 psi, Model 020337), and the chemical 
sprayer (Model# PP-UAG1003HU-K, UDOR, 
USA) were measured at the start and end of 
testing of each set of three coupons. The spray 
pattern for the backpack sprayer was confirmed 
(and adjusted as needed) prior to the start of a 
test. The 25° nozzle was used with the pressure 
washers. The chemical sprayer had an adjustable 
nozzle similar to the garden hose. These 
measurements were made to ensure that such 
parameters were in accordance with the data 
quality objectives (DQOs) defined for the project 
(see Section 4). Adjustments were made as 
necessary to achieve the desired set-points, 
within the acceptable tolerances. 
Although surface sampling of the coupons did not 
occur until Day 3, several other samples were 
collected to obtain additional information on the 
fate of the spores. To assess the potential for 
viable spores to be washed off the surfaces, all 
liquid runoff (rinsate) generated in the 
decontamination process was collected and 
quantitatively analyzed. Rinsate samples were a 
composite of all replicate coupons of a particular 
material type per test. Quantitative analysis was 
conducted on rinsate samples so that the 
magnitude of spore relocation could be 
determined. The volume of runoff liquid collected 
for each coupon set was measured after 
collection. To quench the decontaminant activity 
in runoff samples during and after collection, 
sufficient neutralizer was added to the sample 
container prior to sample collection to prevent 
sporicidal activity post sample collection and 
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provide an accurate estimate of viable spores 
leaving the contaminated surface in rinse water.  
Soil or heavily soiled areas receiving biological 
agent-laden runoff during remediation following 
an actual FAD incident would be expected to 
quench most decontaminants in a similar manner.  
Bioaerosol samples, using Via-Cell® Bioaerosol 
Sampling Cassettes (Part# VIA010, Zefon Int., 
Ocala, FL) , were originally collected during 
spraying operations (decontamination and rinse 
steps) in the small chamber to assess the 
potential for spores to be aerosolized during the 
decontamination procedure (see Appendix F.4 for 
details). Bioaerosol samples were collected from 
the exhaust vent during some tests.        
After the completion of each set of coupons, the 
test chamber was cleaned in accordance with the 
procedure described in Appendix B. A coupon set 
for Task I includes all blank coupons or all 
replicates of one material type.  Cleaning 
between sets reduced the potential for cross-
contamination of samples. 
On Day 3, after at least 18 hours of drying, 
sampling of the coupons was performed using 
pre-wetted gauze wipes (Kendall, 8042) (see 
section F.2.1). A sampled area of 1,175 cm2 (1.3 
ft2) per coupon was used by sampling the interior 
section of each coupon. A template was used to 
cover the exterior 0.635 cm (0.25 in) of each 35.6 
cm x 35.6 cm (14 in by 14 in) coupon leaving a 
square, 34.29 cm by 34.29 cm (13.5 in by 13.5 in) 
exposed for sampling. Surface sampling of each 
test coupon was conducted only once using the 
common method of wiping the surface with a 
wipe in three directions (vertical, horizontal, 
diagonal), completely covering the surface of the 
coupon in each direction (Appendix F).  
The primary analysis of the samples collected 
(coupon, rinsate, and bioaerosol) occurred over a 
three-day period for Task I (note: Day 1 of the 
microbiological analysis was Day 3 of 
experimentation). In general, the Microbiology 
Laboratory extracted and plated the samples on 
the day of receipt and then counted colonies the 
next day. In instances when there was insufficient 
time for wipe samples to be extracted and plated 
on the day of receipt, they were refrigerated on 
the day of receipt, with sample extraction and 
plating on Day 2, and colony counting the 
following day. Filter plating or additional dilution 
plating was performed on an as-needed basis. 
Appendix C contains Miscellaneous Operating 
Procedures (MOPs), including the aerosol 
deposition of spores. Appendices D through G 
contain additional details of the contamination, 
decontamination, and sampling and analysis 
procedures, respectively.  
1.2.2 Task II Approach 
Task II followed a similar pattern, except that an 
additional wipe sampling step to characterize 
contamination levels was done before the 
decontamination procedure, and the first step on 
Day 2 in Figure 3-1 (loading coupons into their 
respective cabinets) was not applicable. In 
addition, the timeline was extended compared to 
Task I, with the differences detailed below.   
Day 1 of testing in the large chamber (referred to 
as COMMANDER; see Section 2.3.2) involved 
running a STERIS VHP® cycle in the 
COMMANDER and airlock to sterilize both the 
coupons and deposition devices. 
On Day 2, the required number of test and 
positive control coupons were loaded with the 
target spores in COMMANDER in a horizontal 
orientation (nine deposition devices per large 
coupon, see Figure 2-5).  Spores were allowed 
to settle onto the coupon surface for at least 18 
hours. The deposition devices were removed on 
Day 3 and placed in the airlock. The 101.6 cm by 
101.6 cm (40 in by 40 in) coupons were placed in 
vertical positions inside COMMANDER, and the 
deposition devices and the troughs underwent a 
STERIS VHP® cycle in the airlock. 
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Sterility checks (swab samples) were taken of the 
troughs on Day 4, with the weekend being Days 5 
and 6. On the morning of Day 7, provided the 
troughs were not significantly contaminated (low 
spore counts were not unexpected since the 
coupons had been loaded with spores in the 
airlock), the troughs were placed beneath their 
assigned coupon inside COMMANDER and 
another sterility check was taken. For the first 
test, contamination of the organism of interest 
was found in the troughs, so the troughs and 
surfaces were wiped down with Dispatch® bleach 
wipes and the airlock was subjected to another 
STERIS VHP® cycle until no growth from sterility 
samples was observed. Positive control samples 
were taken immediately prior to the start of the 
decontamination process.  
Unlike Task I, all coupons were inside the test 
chamber (COMMANDER) together.  Completion 
of the decontamination procedure as well as pre- 
and post-decontamination sampling were done 
sequentially, alternating between concrete and 
pressure-treated wood coupons. Only pH-AB was 
used for these Task II tests, and pH-AB was 
applied with the backpack sprayer (SRS-600 
Propack, SHURflo, Cypress, CA). During the first 
test, a garden hose was used to rinse the 
coupons with deionized (DI) water following the 
contact time with the decontaminant.  Such rinse 
steps have been included in low-tech remediation 
of Bacillus anthracis contaminations, as rinsing is 
thought to reduce the amount of corrosion due to 
residual decontaminants and reduce the amount 
of chlorine off-gassing in a facility post-
decontamination. Elimination of the final rinse 
step during animal facility remediation is believed 
to be a potential option; however, previously there 
have been limited data to support making such 
changes.     
The troughs were used to collect the rinsate from 
each coupon.  Separate bioaerosol samples 
were collected before, during, and after each 
individual step of the decontamination process.  
On Day 8, post-decontamination sampling was 
conducted. A stainless steel template was used 
to create the nine individual sample areas, each 
30.5 cm by 30.5 cm (12 in by 12 in). Sampling 
was conducted only once on any one of the nine 
sampling locations per coupon.  
1.3 Definition of Efficacy 
The overall effectiveness of a decontamination 
technique relies on the potential of the technology 
to inactivate and/or remove the spores from 
contaminated building material surfaces and the 
ultimate disposition (or fate) of the spores that 
would result in secondary contamination of by-
products (rinsate) and equipment that would 
necessitate specific remediation strategies. 
Surface decontamination efficacies are for the 
complete procedure and for each specific 
material. The ultimate fate of the spores is also 
pertinent in assessing the overall remediation 
strategy.  
The efficacy of each decontamination method 
(combination of steps) was determined based on 
the number of viable spores collected from the 
surface of the decontaminated coupon, as 
compared to the number of viable spores 
collected from the surface of control coupons (or 
coupon areas) not subjected to decontamination 
procedures. The number of viable spores was 
measured as colony forming units, or CFU. 
1.3.1 Surface Efficacy 
CFU counts per coupon or coupon area were 
calculated according to the equation shown in 
MOP 6535a (Appendix C). The first step in the 
calculation of overall efficacy of a treatment to 
reduce contamination on the surface of the 
coupons is a separate calculation of efficacy for 
each individual coupon in a given set of 
replicates. Efficacy is defined as the extent (by 
log reduction, or LR) to which the agent extracted 
from the coupons after the treatment with the 
decontamination procedure is reduced below that 
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extracted from positive control coupons (not 
exposed to the decontamination procedure). 
Efficacy was calculated for each test coupon 
within each combination of decontamination 
procedure (i) and test material (j) as:  
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where: 
Cijc = the number of viable organisms recovered from c control coupons for the ith 
decontamination procedure and jth test material. 
Nijc =  the number of control coupons for the jth test material, ith decontamination procedure 
Nijk  = number of viable organisms recovered on the kth replicate test coupon for the ith 
decontamination procedure and jth test material. 
 
The efficacy of the decontamination technique for 
a specific surface material is evaluated by means 
of the difference in the logarithm of the CFU 
before decontamination and after 
decontamination for that material. This value is 
reported as a log reduction (LR) efficacy on the 
specific material surface as defined in Equation 1-
2. 
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where: 
LRij  = the average log reduction of spores on a specific material surface 
∑
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Ccj NCFU  = 
the average of the logarithm of the number of viable spores 
(determined by CFU) recovered on the control coupons (C= 
control, j = coupon number, and NC is the number of coupons 
(1, j)) 
∑
k
tS NCFU /)log(  = 
the average of the logarithm of the number of viable spores 
(determined by CFU) remaining on the surface of a 
decontaminated coupon (S= decontaminated coupon, k = 
coupon number, and Nt is the number of coupons tested (1, k)) 
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When no viable spores were detected, the 
detection limit of the sample was used, and the 
efficacy reported as greater than or equal to the 
value calculated by Eqn. 1-2. The detection limit 
of a sample depends on the analysis method and 
therefore may vary. The detection limit of a plate 
was assigned a value of 0.5 CFU, but the fraction 
of the sample plated varied. For instance, the 
detection limit of a 0.1 mL plating of a 20 mL 
sample suspension is 100 CFU (0.5 CFU / 0.1 
mL * 20 mL), but if all 20 mL of the sample is 
filter-plated, the detection limit is 0.5 CFU.     
The standard deviation of LRi is calculated by 
Eqn 1-3: 
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SDη  = standard deviation of ηi 
LR ij  = the average log reduction of spores on a specific material surface 
xijk = 
 
the average of the log reduction of the k replicate test coupon 
for the ith decontamination procedure and jth test material. 
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where: 
∑
c
ijcijc NCFU /)log(  = 
the “mean of the logs”, the average of the logarithm transformed 
number of viable spores (determined by CFU) recovered on the 
control coupons (C= control, j = coupon number, and NC is the 
number of coupons (1, j)) 
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CFUijk = 
 
number of CFU on the surface of the kth decontaminated 
coupon for the ith decontamination procedure and jth test 
material. 
 
1.3.2 Ultimate Fate of Spores 
The surface log reduction, as calculated in 
accordance with Equation 1-4, depicts the 
effectiveness of the decontamination in mitigating 
the contamination on materials. The mitigation 
could be due to inactivation of the spores on the 
materials (i.e., due to the application of a 
sporicide) or physical removal from the material 
(e.g., washed/rinsed off or aerosolized). For 
physical removal, viable spores may either 
remain in the rinsate or be re-aerosolized due to 
the decontamination activity itself. Understanding 
the ultimate fate of the spores, not just the 
surface log reduction, is critical to recognizing the 
utility or appropriate implementation of the 
decontamination process. Process parameters 
(as well as the general nature of microbiological 
sampling) prevented an exact accounting of the 
fate of spores; however, qualitative 
measurements were good indications of ultimate 
fate. For the rinsate sample, the results are 
reported as Total CFU and CFU per coupon. The 
Via-Cell® air sample from the vacuum 
containment cabinet or COMMANDER 
atmosphere is reported as CFU per actual liter (L) 
of air sampled.  
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2. Materials and Methods 
2.1 Coupon Materials and Fabrication 
2.1.1 Material Surfaces 
This section describes each material and how the 
medium- and large-sized coupons were 
fabricated. Both materials are considered porous. 
1. Pressure-Treated Wood (Figure 2-1). The 
material used for these coupons is 3/4 in 
thick, 4 ft by 8 ft Georgia-Pacific ACQ-D 
(alkaline copper quaternary type D) pressure-
treated plywood. Coupons were cut to size 
(35.6 cm by 35.6 cm (14 in by 14 in) for Task 
I, 101.6 cm by 101.6 cm (40 in by 40 in) for 
Task II) with a table saw. 
 
 
Figure 2-1. Pressure-treated Wood Coupon Front 
 
2. Concrete (Figure 2-2). Quikrete 
Sand/Topping mix was used to fabricate 1.5-
in thick coupons for Task I (35.6 cm by 35.6 
cm (14 in by 14 in)) and 1.0-in thick coupons 
for Task II (101.6 cm by 101.6 cm (40 in by 
40 in)). The mix was prepared and poured 
into forms. Surfaces were smoothed with a 
hand trowel, then covered with plastic 
sheeting and allowed to cure for 24 hours. 
Once set, the coupons were removed from 
the form and loose grit was sprayed from the 
surface with a pressure washer. Task I 
coupons were then stacked on a pallet where 
they were further wetted and covered with 
plastic to cure (more than 20 days). Task II 
coupons were cured for five days in the shop 
where they were fabricated. 
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Figure 2-2. Curing Concrete (left) and Final Concrete Coupons (right) 
 
2.1.2 Task I and Task II Coupons 
The coupons made from each material for Task I 
had dimensions of approximately 35.6 cm width 
by 35.6 cm length (or approximately 14 in width 
by 14 in length). The dimensions provided an 
adequate edge for the spore deposition device to 
seal to the coupon surface and allow for a 
contaminated surface area of 1 ft by 1 ft.  A 
sample area of 1 sq ft is recommended for wipe 
samples.11 Contamination procedures have been 
developed, tested, and demonstrated by NHSRC 
in other decontamination studies. The sampled 
area of 1.3 sq ft per coupon was used for Task I 
of this study by sampling the interior section of 
each coupon. The thickness of the coupons 
varied for each material based upon the 
fabrication procedures determined to be the most 
appropriate for each material type. However, 
each material type had a uniform thickness for all 
replicate coupons.  
Task II coupons prepared from pressure-treated 
wood and concrete were 101.6 cm by 101.6 cm 
(40 in by 40 in), and, conceptually, equal to the 3 
by 3 square of nine coupons used in Task I. Two 
replicate coupons of each material were used for 
each test in Task II. The template used to sample 
individual coupon areas is shown in Figure-2-3. 
All coupons were sterilized as described in 
Appendix A. There were no visible or 
documented changes to the structure of the 
coupons as a result of sterilization. 
For the purposes of this project, coupon sets 
were defined as all blank coupons, groups of 
replicate test coupons, and all positive control 
coupons of the same material type. 
 12 
 
Figure 2-3. Sampling Template on Task II Pressure-treated Plywood Coupon  
 
2.2 Material Inoculation Procedure 
The investigation of the effectiveness of the 
decontamination procedures required that a 
target organism be applied to a “sterile” material 
surface (i.e., material inoculation) at a precise 
target loading (e.g., spores per piece of material 
(or coupon)). This section provides detail on the 
target organism and material inoculation 
procedures used for this investigation.  
2.2.1 Bacillus Spore Preparation 
The test organism for this work consisted of a 
Bacillus atrophaeus spore preparation infused 
with silicon dioxide particles. This bacterial 
species was formerly known as B. subtilis var 
niger and previous to that as B. globigii. The 
preparation was obtained from the U.S. Army 
Dugway Proving Grounds (DPG) Life Science 
Division. The preparation procedure is reported in 
Brown et al.12 Briefly, after 80 – 90 percent 
sporulation, the suspension was centrifuged to 
generate a preparation of about 20 percent 
solids. A preparation resulting in a powdered 
matrix containing approximately 1 x 1011 viable 
spores per gram was prepared by dry blending 
and jet milling the dried spores with fumed silica 
particles (Deguss, Frankfurt am Main, Germany). 
The powdered preparation was loaded into 
metered dose inhalers (MDIs) by the U.S. Army 
Edgewood Chemical Biological Center (ECBC) 
according to a proprietary protocol. The MDIs are 
claimed to provide a consistent dose of 1E9 
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spores per puff. Quality assurance documentation 
is provided by ECBC with each batch of MDIs. 
Control checks for each MDI were included in the 
batches of coupons contaminated with a single 
MDI as described in Section 2.2.2. 
2.2.2 Coupon Inoculation Procedure 
Coupons were inoculated (loaded) with spores of 
B. atrophaeus from an MDI using the procedure 
detailed in MOP 6561 (an EPA proprietary 
method, patent pending). The large 101.6 cm by 
101.6 cm (40 in by 40 in) coupons were placed 
horizontally inside COMMANDER. Nine dosing 
chambers were arranged on the large coupons, 
overlapping the inside edges of the dosing 
chambers. Clamps were placed along the outside 
edge, and two bars spanning the width of the 
coupon were clamped down to help stabilize the 
internal edges for the second Task II test. Each 
dosing chamber covered a coupon area, as 
shown in Figure 2-4. Figure 2-5 shows the dosing 
chambers in place. 
Briefly, each coupon (or coupon area for Task II) 
was contaminated independently by being placed 
into a separate dosing chamber (aerosol 
deposition apparatus or ADA) designed to fit one 
35.6 cm by 35.6 cm (14 in by 14 in) coupon of 
any thickness. In accordance with MOP 6561, the 
MDI was discharged a single time into the dosing 
chamber. The spores were allowed to settle onto 
the coupon surfaces for a minimum period of 18 
hours. After the minimum 18-hr period, the Task I 
coupons were then removed from the dosing 
chamber and moved to an isolated cabinet (Test 
Coupon Cabinet) which contained all loaded 
coupons for a single test. The Task II coupons 
were moved to their test positions in the large 
chamber following the deposition period. The 
target recovery range was 1 x 107 CFU per 
coupon.  
The MDIs are claimed to provide 200 discharges 
per MDI. The number of discharges per MDI was 
tracked so that use did not exceed this value. 
Additionally, in accordance with MOP 6561, the 
mass of each MDI was determined after 
completion of the contamination of each coupon. 
To prevent inadequate inoculation of coupons 
due to near-empty MDIs, if an MDI had a mass of 
less than 10.5 g at the start of the contamination 
procedure described in MOP 6561, it was retired 
and a new MDI was used. For quality control of 
the MDIs, an inoculation control coupon was run 
as the first, middle, and last coupon inoculated 
with a single MDI in a single test. The 
contamination control coupon was a stainless 
steel coupon (35.6 cm by 35.6 cm) inoculated in 
accordance with MOP 6561, sampled in 
accordance with Appendix F, and analyzed in 
accordance with Appendix G.  
A log was maintained for each set of coupons or 
coupon areas that were dosed. Each record in 
this log recorded a unique coupon identifier (see 
Appendix D), the MDI unique identifier, the date, 
the operator, the weight of the MDI before 
dissemination into the coupon dosing device, the 
weight of the MDI after dissemination, and the 
difference between these two weights.  
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Figure 2-4. Task II Coupon Sampling Areas (BLUE indicates areas for positive controls) 
 
 
Figure 2-5. Nine Dosing Chambers on a 101.6 cm by 101.6 cm (40 in by 40 in) Coupon 
 
Area 1 Area 2 Area 3 
Area 4 Area 5 Area 6 
Area 7 Area 8 Area 9 
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The handling of the inoculated coupons, including 
movement to minimize or control spore dispersal, 
is described in Appendix D. 
2.3 Experimental Approach 
2.3.1 Task I – Small Chamber 
For Task I, application of the decontamination 
procedures was done in a custom-built test 
chamber shown in Figure 2-6. The chamber, 
located in High-Bay Room 130 at EPA’s 
Research Triangle Park facility, has dimensions 
of 1.2 m high by 1.2 m wide by 1.2 m deep (4 ft 
high by 4 ft wide by 4 ft deep) and is designed to 
accommodate three 35.6 cm by 35.6 cm (14 in by 
14 in) coupons at a time in either orientation 
(horizontal or vertical, see below). The chamber 
is of solid stainless steel construction with the 
exception of the front face and top which are 
fabricated from clear acrylic plastic. The front face 
acrylic section is a door allowing full access to the 
inside of the chamber while standing outside. The 
back stainless steel wall contains an assembly to 
hold the vertically-oriented coupons (maximum 
three 35.6 cm by 35.6 cm (14 in by 14 in) 
coupons at one time).  
A center-aligned hole in the chamber door is 
outfitted with a swivel port (see Figure 2-7), 
allowing spray nozzles to fit and align with the 
middle of the coupons. The wand is inserted into 
this center port and moved in and out as 
necessary to maintain the correct distance from 
the three coupons while accomplishing the spray 
pattern described in Appendix E 
(Decontamination application methods and 
rinsing with water). Every effort was made to 
perform this step consistently and maintain the 
correct distance from all coupons. The port also 
allows the chamber door to remain closed during 
application of the decontamination solutions. 
During the pressure-washing, rinsing steps with 
the garden hose and the spraying of the 
decontamination solutions with the backpack 
sprayer, the front face door was closed and 
sealed. The seal is designed to contain any 
splashed liquid. Maintaining the door closed also 
prevents exposure of the worker to the toxic 
fumes from decontamination solution during 
application.   
The bottom of the chamber is pyramidal in shape 
with a 7.6 cm (3 in) diameter drain in the center. 
The drain can be closed or opened to either 
collect or release the runoff from the coupons 
during the decontamination procedure. The 
bottom of the chamber has a 227 L (50 gal) 
collection capacity. 
The chamber is fitted with connections allowing 
filtered air to enter and filtered exhaust to exit via 
a readily accessible connection to the facility’s air 
handling system.  Connection to facility point 
exhaust results in a slight negative pressure 
inside the spray chamber in relation to the room 
within which it is contained.  The chamber is also 
designed to be easily decontaminated between 
runs using either liquids or fumigants, as needed. 
Decontamination of the chamber is discussed in 
Appendix B. 
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Figure 2-6. Task I Decontamination Chamber 
 
Figure 2-7. Spraying through center-aligned port in the small chamber door 
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Figure 2-8. Airlock in foreground and large chamber (COMMANDER) in background 
 
2.3.2 Task II – Large Chamber (COMMANDER) 
For Task II, application of the decontamination 
procedures was done inside the Consequence 
Management and Decontamination Evaluation 
Room (COMMANDER) (Figure 2-8). This room is 
an enclosed, single-access-point chamber that 
meets the following criteria: 
• Supports repeated fabrication of a 
representative test environment (e.g., 
furnished office room, outdoor setting) 
contained within the chamber 
• Allows for release of biological organisms or 
chemicals into the chamber (Biosafety Level 
2, Chemical Safety Level 4) 
• Under slight negative pressure in relation to 
outside environment 
• Allows for application of a decontamination 
technology (including fumigation with toxic, 
corrosive gases) 
• Supports entry into the chamber during all of 
the above-mentioned activities (in appropriate 
personal protective equipment (PPE)) 
• External dimensions of 2.74 m by 3.66 m by 
3.05 m high (9 ft by 12 ft by 10 ft high) 
• Contains a 1.83 m by 1.83 m by 2.44 m high 
(6 ft by 6 ft by 8 ft high) airlock with single air-
tight entry/exit port with a window 
• Contains entry/exit ports in line with the 
enclosure double door to allow for large 
materials to be brought into or out of the 
chamber 
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• Complies with all relevant local and national 
codes 
• For the current study, a trough was placed 
under the coupons and curtains placed 
around the coupons, in order to capture and 
collect the runoff and spray during the 
decontamination procedures. The curtains 
were placed to act as a guide during the 
decontamination steps to facilitate 
maintaining the correct distances between 
the nozzles and the surface of the coupon.   
2.4 Decontamination Procedure 
The two procedures tested for application of pH-
AB and Spor-Klenz® can be summarized with the 
following sequential procedural steps. 
Modifications made to the test matrix are detailed 
in Section 2.5. 
Backpack Sprayer-Applied Decontaminant 
1. Apply liquid decontaminant to material 
surface using a pressurized backpack 
sprayer. 
2. After 15 minutes, reapply the liquid 
decontaminant to material surface.  
3. Once a total of 30 minutes have elapsed 
since the first application, rinse the material 
surface with distilled water using a garden 
hose. 
4. Allow material to dry overnight. 
5. Sample material surface using sterile non-
cotton pre-moistened wipes. 
Pressure Washer-Applied Decontaminant 
1. Apply liquid decontaminant to material 
surface using pressure washer and chemical 
supply tank. 
2. After 15 minutes, reapply the liquid 
decontaminant to material surface.  
3. Once a total of 30 minutes have elapsed 
since the first application, rinse the material 
surface with distilled water using a pressure 
washer. 
4. Allow material to dry overnight. 
5. Sample material surface using sterile non-
cotton pre-moistened wipes. 
Determining the efficacy of the above-mentioned 
procedures was the focus of this study, both with 
respect to the physical removal and the 
inactivation of spores. 
This project employed the use of backpack 
sprayers, pressure washers, nozzles, garden 
hoses, pressure regulators, bleach, vinegar, and 
Spor-Klenz®, as well as carboys, buckets for DI 
water, and containers for mixing the pH-adjusted 
bleach solution. The specifications of the 
materials and equipment used for the 
decontamination procedural steps are detailed in 
Table E-1 of Appendix E.  
It was critical for this project that each step in the 
decontamination procedure be implemented as 
uniformly as possible for all coupons and tests. 
Changes in technique during the study could lead 
to highly variable and/or biased data and lead to 
erroneous conclusions. Therefore, the methods 
for each step were documented in detail to 
provide as much standardization as possible. 
Staff performing the decontamination procedures 
practiced each step in advance and an attempt 
was made to add measurable controls. Additional 
details can be found in Appendix E. 
The results of the testing provide information to 
evaluate the effectiveness of a number of 
procedures using two active decontamination 
solutions for removing surface contamination. 
Additionally, the testing provided information on 
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viable spore disposition for consideration in the 
development of remediation strategies (e.g., 
when/where the procedure might be considered 
for application, need for water collection and 
treatment, estimation of waste generation).  
2.5 Test Matrix 
Ten tests in Task I 35.6 cm by 35.6 cm (14 in by 
14 in) coupons and two tests in Task II 101.6 cm 
by 101.6 cm (40 in by 40 in) coupons were 
performed. Table 2-1 identifies each procedural 
step for each material type. The original test 
matrix was amended as the tests progressed, 
based on the results obtained.  These changes 
were adaptive (altering parameters based upon 
results of previous tests) and in remediation of 
unforeseen consequences of testing (replacing of 
spray devices following failure of the initial device 
due to incompatibility with the liquid 
decontaminant).     
• Procedural blanks for Task I (coupons of 
each material not intentionally loaded with the 
target organism) were run first, followed by 
the test coupons of each material type. The 
procedural blank coupons were subjected to 
the same procedural decontamination steps 
as the test coupons. On the day of testing, 
the coupons are moved to their respective 
storage cabinets (positive controls and test 
coupons into the Test Coupon Cabinets and 
the procedural blanks to the Procedural Blank 
Cabinet) to avoid potential cross-
contaminations between coupons. For Task I, 
a maximum of three coupons were run at a 
single time in the decontamination chamber. 
Only one material type was run at a time. 
• For Task I, cleaning of the chamber was 
performed in accordance with Appendix B 
after the completion of each material type per 
test.  
• For Task II, cleaning of the chamber was 
performed by running a STERIS VHP® cycle 
as detailed in Section 1.2 after the completion 
of each material type per test. 
• For Task I, each test required six test 
coupons, one procedural blank, and six 
positive control coupons of each material 
type. Hence,  13 coupons (total) were 
required for each material type.  
• For Task II, each test required two replicate 
coupons, divided into five test coupon and 
four positive control sample areas.  
• Wipe sampling was used on both the 
concrete and pressure-treated wood.  
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Table 2-1. Test Matrix 
Task Test Date of Decon Material 
Size 
(in) 
Replicates 
(n) 
Application Decon 
Spray 
Duration 
(sec) 
Reapplication 
Time (min) 
Rinse 
Duration  
(sec) 
No. of 
Sprays 
Total 
Exposure 
(min) 
1 1 10/12/2010 Concrete 14"x14" 6 Sprayer pH-AB 30 15 10 2 30 
1 2 10/12/2010 Wood 14"x14" 6 Sprayer pH-AB 30 15 10 2 30 
1 3 12/14/2010 Concrete 14"x14" 6 
Chemical 
Sprayer 
pH-AB 15 15 10 2 30 
1 4 12/14/2010 Wood 14"x14" 6 
Chemical 
Sprayer 
pH-AB 15 15 10 2 30 
1 5 10/27/2010 Concrete 14"x14" 6 Sprayer 
Spor-
Klenz® 
30 15 10 2 15* 
1 6 10/27/2010 Wood 14"x14" 6 Sprayer 
Spor-
klenz® 
30 15 10 2 15* 
1 7 11/17/2010 Concrete 14"x14" 6 
Pressure 
Washer 
Spor-
Klenz® 
15 15 10 2 30 
1 8 11/17/2010 Wood 14"x14" 6 
Pressure 
Washer 
Spor-
Klenz® 
15 n/a 10** 1*** 34 
1 9 1/18/2011 Concrete 14"x14" 6 Sprayer pH-AB 10 n/a 10 1 15 
1 10 1/18/2011 Wood 14"x14" 6 Sprayer pH-AB 10 n/a 10 1 15 
2 C1 2/8/2011 Concrete 40"x40" 2 Sprayer pH-AB 30 15 30 2 30 
2 C1 2/8/2011 Wood 40"x40" 2 Sprayer pH-AB 30 15 30 2 30 
2 C2 2/24/2011 Concrete 40"x40" 2 Sprayer pH-AB 30 15 NA 2 30 
2 C2 2/24/2011 Wood 40"x40" 2 Sprayer pH-AB 30 15 NA 2 30 
* Coupons were inadvertently rinsed immediately after the second Spor-Klenz® spray, resulting in a total contact time of 15 minutes. 
** Rinse applied with garden hose due to power washer failure (34 minute contact time). 
*** Power washer failed before second decontaminant application during first set of three replicate coupons. First set had one application; second set was not included in test results.
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In Tests 1 and 2, the backpack sprayer was used 
to spray the coupons twice for 30 seconds with 
pH-AB, followed by a 15-minute contact time after 
each spray. This scheme resulted in a total 
exposure (contact time) of 30 minutes before the 
DI rinse. Tests 5 and 6 were conducted 
identically, except that Spor-Klenz® was used as 
the decontaminant.   
Due to concerns over compatibility between pH-
AB and the pressure washer, Tests 7 and 8 with 
Spor-Klenz® were conducted first. Because of the 
higher flow rate of the pressure washer versus 
the backpack spray, the duration of the two 
sprays was reduced to 15 seconds. The total 
contact time for the concrete coupons remained 
at 30 minutes. The concrete coupons were 
subjected to the test procedure first, and the 
procedure was completed as prescribed. Wood 
coupons were tested second, and received the 
first decontamination spray, but the pressure 
washer could not be restarted to accomplish the 
second application. Following only one 
application of Spor- Klenz®, these coupons were 
rinsed with DI water using a garden hose after 34 
minutes of exposure. Ultimately, the pressure 
washer was rendered inoperable by the Spor- 
Klenz®. 
Tests 3 and 4 were conducted with pH-AB using 
a chemical sprayer. Known incompatibility with 
standard pressure washers prevented their use; 
the UDOR chemical sprayer (Model# PP-
UAG1003HU-K, UDOR, USA) was chosen for 
this test because it was made specifically for use 
with chlorine (see Appendix E). These tests 
involved two 15-second sprays of pH-AB with 15-
minute contact times after each spray (30 minute 
total exposure), and a 10-second DI water rinse 
using the replacement pressure washer.   
Based on the pH-AB results from Tests 1 through 
4, Tests 9 and 10 reduced the pH-AB backpack 
spray time to 10 seconds and involved just one 
15-minute contact time prior to the DI water rinse.  
Tests C1 and C2 were conducted in 
COMMANDER using two replicate coupons of 
each material for each test. For both tests, the 
backpack sprayer was used to spray the coupons 
twice for 30 seconds with pH-AB, followed by a 
15-minute contact time after each spray. The 
difference between these tests was that the 
coupons in C2 did not receive a DI water rinse.   
2.6 Sampling and Analytical Procedures 
Three types of samples were included in this 
project. Surface sampling procedures were used 
to collect samples from the coupon materials. In 
order to obtain the additional critical information 
on the fate of the spores, several samples in 
addition to the surface sampling of the coupons 
were collected. To assess the potential for viable 
spores to be washed off the surfaces, all liquids 
used in the decontamination process were 
collected and quantitatively analyzed. This 
sample was a composite for all replicate coupons 
of a particular material type per test. Quantitative 
analysis was done on these rinsate samples to 
provide for an order of magnitude determination 
of the disposition of viable spores in this media. 
To assess the potential for spores to be 
aerosolized from coupon surfaces during 
spraying or pressure washing, aerosol samples 
were collected from the decontamination 
chamber during any such activities. Quantitative 
analyses were performed on these samples, so 
that a concentration (viable spores per volume of 
air) could be determined. These data are 
important for understanding the potential for 
contamination spread and worker risk during the 
decontamination procedures. Any spores 
released during this phase may also avoid 
contact with the decontaminant and therefore 
remain active. A second decontamination 
procedure may be needed to decontaminate 
aerosolized spores that redeposit elsewhere. The 
materials and equipment used as well as the 
sampling protocols for sampling are detailed in 
Appendix F.  
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2.6.1 Factors Affecting Sampling/Monitoring 
Procedures 
Sampling of coupon surfaces was done after 
coupons that were wetted during the 
decontamination procedure had become visibly 
dry. Drying was allowed to occur in the 
Decontaminated Coupon Cabinet or Procedural 
Blank Cabinet, or inside COMMANDER (as 
appropriate), facilitated by a slight air flow due to 
a constant positive pressure. All coupons were 
allowed to dry for at least 18 hours. The actual 
time that each coupon was allowed to dry was 
recorded. 
2.6.2 Preparation for Sampling/Monitoring 
Sampling kits for wipes were prepared as 
specified MOP 6568 (see Appendix C). For Task 
I, all laboratory surfaces intended for use during 
sampling were wiped with Dispatch® bleach 
wipes. Precut 50.8 cm by 50.8 cm (20 in by 20 in) 
sheets of absorbent bench liner were used to 
cover all work surfaces, replaced after each 
phase of a test (e.g., coupon contamination is 
considered one phase, decontamination another, 
and surface sampling a third). Sampling was 
conducted on only one coupon at a time. One 
coupon was moved from the Decontaminated 
Coupon Cabinet (test coupons), Test Coupon 
Cabinet (positive controls), or Procedural Blank 
Coupon Cabinet (procedural blanks) to the 
sampling space located immediately outside (to 
the front) of each cabinet. All coupons were 
placed horizontally for sampling, regardless of 
their orientation during the decontamination. 
Within a single test, surface sampling of the 
coupons was performed starting with coupons 
from the lowest level of contamination and ending 
with the highest level of contamination (i.e., all 
procedural blank coupons first, followed by all test 
coupons, and then all positive control coupons). 
Surface sampling was performed by wipe 
sampling in accordance with the protocols 
included in Appendix F. The surface area for all 
samples was 1175.8 cm2 (1.3 ft2).  
A template was used to cover the exterior 0.635 
cm (0.25 in) of each coupon leaving a square 
(34.29 cm by 34.29 cm) exposed for sampling for 
all coupons. The outer 0.635 cm of each coupon 
was not sampled in order to avoid edge effects. 
A sampling material bin was stocked with all 
appropriate items (consistent with the protocols in 
Appendix F) for each sampling event. The bin 
contained enough wipe sampling kits to 
accommodate all required samples for the 
specific test. An additional kit was also included 
for backup. Enough gloves and bleach wipes 
needed to complete the test were available. 
Templates (35.6 cm by 35.6 cm (14 in by 14 in)) 
with an interior opening of 34.3 cm by 34.3 cm 
(13.5 in by 13.5 in) were wrapped in aluminum foil 
and packaged in sterile autoclave-safe bags 
(autoclave-sterilized by MOP 6570 using a one 
hour gravity cycle, 10 templates per bag) and 
transported with the original sterile coupons 
(concrete and stainless steel procedural blanks). 
These bags of templates were also included with 
the sampling kits. A sample collection bin was 
used to transport samples back to the 
Microbiology Laboratory. The exterior of the 
transport container was decontaminated by 
wiping all surfaces with a Dispatch® bleach wipe 
prior to transport from the sampling location to the 
Microbiology Laboratory. To ensure the integrity 
of samples and to maintain a timely and traceable 
transfer of samples, an established and proven 
chain of custody was strictly adhered to for each 
test. 
For Task II, a template (see Figure 2-3) was used 
to create the nine individual sample areas, each 
30.5 cm by 30.5 cm (12 in by 12 in). The 
sampling templates were sterilized by VHP® or 
Dispatch® wipes prior to sampling. Coupons were 
sampled in the vertical position, one material at a 
time.  
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2.6.3 Wipe Sampling 
To assess the effectiveness of the 
decontamination procedure, wipe sampling was 
performed for each coupon. Wipe sampling is the 
method that is anticipated to be used following an 
FAD incident. Wipe sampling is typically used for 
small sample areas and is effective on 
nonporous, smooth surfaces such as ceramics, 
vinyl, metals, painted surfaces, and plastics.11 
The general approach is that a moistened sterile 
non-cotton pad is used to wipe a specified area to 
recover bacteria, viruses, and biological toxins.11 
The protocol that was used in this project is 
described in Appendix F and has been adapted 
from that provided by Busher et al.,11 Brown et 
al.,12 and documented in the INL 2008 Evaluation 
Protocols. 13 Materials utilized in this study are 
considered hard and porous. While wipe 
sampling is not highly efficient on porous 
materials, few other options exist. In addition, 
preliminary data suggest that wipe sampling of 
wood and concrete surfaces routinely allowed 
recoveries of greater than 1 x 106 CFU when 
surfaces were inoculated with 1 x 107 CFU per ft2. 
Wipe sampling was therefore utilized for both 
porous materials used in this study.   
2.6.4 Rinsate Collection and Sampling  
Decontamination procedures utilizing corrosive 
liquids such as bleach will likely incorporate a 
final rinse step following a prescribed contact time 
with the decontaminant to reduce the potential for 
damage to contacted surfaces.  It is important to 
determine if this “runoff” is a potential risk for 
spread of contamination, so rinsate samples were 
sampled and analyzed for viable spores following 
decontamination.   
For Task I, the runoff from the coupons 
throughout the entire decontamination procedure 
was collected for a given coupon set (material 
type or all blanks). After all coupons from a single 
set were moved to the Decontaminated Coupon 
Cabinet or Procedural Blank Cabinet, the 
chamber was rinsed with sterile DI water. The 
sterile runoff collection carboy was labeled and 
the volume of liquid collected was recorded. The 
decontamination liquid was neutralized by sodium 
thiosulfate (STS) by placing the STS in the 
collection vessel prior to commencement of the 
decontamination steps. Neutralization was done 
in order to standardize the results from all tests, 
i.e., any sporicidal activity of the runoff was 
eliminated once the runoff was captured in the 
carboy preventing run-to-run variability due to 
differences in the runoff composition. 
Neutralization of the rinsate was used to simulate 
a worst case field situation where the residual 
killing power of the pH-AB or Spor-Klenz® would 
be removed (i.e., due to material demand from 
the collection surface (e.g., concrete or pressure-
treated wood)).  
After collection, rinsate samples were 
homogenized by shaking and 100 mL aliquots 
were taken using aseptic technique according to 
the protocol described in Appendix F. The 
aliquots were submitted to the Microbiology 
Laboratory for analysis at the conclusion of each 
entire test.  
For Task II, a trough blank was first collected by 
adding 1 L of sterile DI water to each trough and 
taking three 100 mL aliquots for analysis. STS 
was added to the trough prior to the start of the 
decontamination procedure. The volume of 
rinsate collected in each coupon’s trough was 
measured, and 100 mL aliquots were taken as for 
Task I and submitted to the Microbiology 
Laboratory for analysis. 
2.6.5 Bioaerosol Sample Collection 
To assess the potential for biological particles to 
escape the surface of coupons during spraying 
(decontamination and rinse steps) as aerosols, 
bioaerosol samples were collected by actively 
sampling (12 L/min) the air.  ViaCell® bioaerosol 
sampling cassettes were used to collect air from 
the 1.2 m by 1.2 m (4 ft by 4 ft) spray chamber 
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and from the COMMANDER chamber during the 
decontamination procedures.  Data obtained 
from bioaerosol samples were used to indicate 
whether reaerosolization is possible during 
decontamination procedures.   
2.6.6 Sample Analyses 
Analyses of all samples were conducted in the 
on-site Microbiology Laboratory. Phosphate 
buffered saline with 0.05% TWEEN®-20 (PBST) 
was used as the extraction buffer. After the 
appropriate extraction procedure, as described in 
Appendix F, the samples were plated, incubated, 
and analyzed (CFU enumerated) in accordance 
with MOP 6535a (see Appendix C). Appropriate 
dilutions of the extracted sample (i.e., the initial 
undiluted sample extraction dilution, and up to a 
four-stage serial dilution (10-1 to 10-4)) were plated 
depending on expected CFU concentration. For 
example, the last two dilutions (10-3 and 10-4) 
were not plated for a decontaminated sample if a 
low CFU concentration was expected. 
In addition to the analysis in MOP 6535a, 
additional analysis procedures were used for 
samples resulting in less than 30 CFU/sample in 
the undiluted sample extract (e.g., wipe in the 
extraction buffer). These analyses were 
conducted in order to lower the current detection 
limit associated with MOP 6535a. In accordance 
with MOP 6565, Revision 2 (see Appendix C), 
samples were filter plated. 
The PBST was prepared according to the 
manufacturer’s directions and in accordance with 
MOP 6562 (see Appendix C), dissolving one 
packet in one liter of sterile water. The solution 
was then vacuum-filtered through a sterile 0.22 
µm filter unit to sterilize.  
The extraction procedure used to recover spores 
varied depending upon the different matrices 
(wipes, Via-Cell ® cassette). The procedures are 
described in Appendix F. 
2.6.7 Coupon, Material, and Equipment 
Cleaning and Sterilization 
Several management controls were put in place 
in order to prevent cross-contamination. This 
project was labor-intensive and required that 
many activities be performed on coupons that 
were intentionally contaminated (test coupons 
and positive controls) and not contaminated 
(procedural blanks). The treatment of these three 
groups of coupons (positive control, test, and 
procedural blank) varied for each group. Hence, 
specific procedures were put in place in an effort 
to prevent cross-contamination among the 
groups. 
Due to the amount of waste and reusable items 
(requiring decontamination after use) generated 
during this testing (e.g., sterilization bags, 
sampling templates, etc.), creation of a rigid plan 
to segregate such items was imperative. 
Reusable items were clearly distinguished and 
separated from waste items after use and put in 
distinct, segregated locations within the testing 
area.  
During the decontamination procedure for Task I, 
one person (sample handler) was tasked with 
moving the coupons to the decontamination 
chamber. A different person was tasked with 
moving the treated coupons to the appropriate 
drying cabinet. Disposable laboratory coats were 
used by the sample handler (tasked with moving 
the coupons) to further minimize the potential of 
cross-contamination. The sample handler donned 
a new disposable laboratory coat after moving a 
complete set of test samples (i.e., 6)  from the 
test coupon cabinet to the decontamination 
chamber.  
All bins, buckets, and containers remained closed 
or covered unless in use (e.g., material being 
placed into or extracted from the bin, bucket, or 
container). Adequate cleaning of all common 
materials and equipment was critical in 
preventing cross-contamination. 
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Each test in the experimental matrix included four 
primary activities. These activities were 
preparation of the coupons, execution of the 
decontamination process (including sample 
recovery), sampling, and analysis. Specific 
management controls for each of these activities 
are shown in Table 2-2. Appendix A details the 
coupon sterilization procedures and Appendix B 
describes the test chamber and equipment 
cleaning procedures. 
 
 
Table 2-2. Cleaning Methods and Frequency for Common Test Materials/Equipment 
Material/Equipment Use Cleaning Method Frequency 
Decontamination Procedure 
Chamber 
Contain coupons during 
the application of the 
decontamination 
procedure being tested 
Washing with pH-adjusted 
bleach solution, or wiping 
with Dispatch® Bleach 
Wipes, rinsing with DI water 
followed by ethyl alcohol  
Before/after each test 
and between test 
materials  
Coupon Cabinets Store coupons prior to 
testing and/or sampling 
pH-Adjusted bleach solution 
or wiping with Dispatch® 
Bleach Wipes, rinsing with 
DI water followed by ethyl 
alcohol 
Before/after each test 
Distilled water tanks (reservoir)  Utilized during the garden 
hose rinse and pressure 
wash rinse procedures 
Bleach solution, soak 
overnight 
Treated before each test 
(within 48 hours of the 
test start) 
All work surfaces  Throughout each test Maintaining the surface wet 
with a pH-adjusted bleach 
solution for 10 minutes 
followed by wiping with 70% 
ethyl alcohol before wiping 
dry with a clean towelette.  
Before/after each use 
(cleaning of surfaces 
between handling of 
replicate coupons during 
sampling; cleaning 
before/after moving all 
contaminated coupons)  
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3. Results and Discussion 
The primary objective of this study was to 
evaluate the efficacy of decontaminating building 
material surfaces as a function of the 
decontamination method parameters. The 
parameters were chosen to improve application 
efficiency while maintaining efficacy. In addition to 
reduction of contamination from material 
surfaces, the ultimate fate of the spores was also 
a critical measurement objective. Combined, this 
information can inform selection or further 
development of appropriate, situation-specific 
decontamination procedures. This section 
discusses the results of individual 
decontamination procedures and, when possible, 
explores the ultimate fate of the spores and 
decontamination worker exposure due to those 
procedures. 
3.1 Surface Sampling Results – Positive 
Controls 
3.1.1 Task I 
Most standard or widely used laboratory methods 
to test the efficacy of decontamination products 
rely on the contamination of carriers (i.e., uniform 
pieces of materials, also referred to as coupons) 
with the target organism using a liquid 
suspension.15, 16, 17 Such methods offer the ability 
to precisely contaminate the material in order to 
maintain intra- and inter-test consistency. While 
there are substantial benefits to using liquid 
inoculation-based test methods in the laboratory 
measure of efficacy, questions remain as to the 
representativeness of the results with respect to 
use in the field on materials contaminated with 
aerosolized biological agent. Lee et al.18 describe 
the development of a novel method to precisely 
deposit aerosolized spores onto materials at a 
target loading consistent with that used in liquid 
inoculation-based methods, i.e., allowing the 
determination of at least a six-log reduction due 
to the decontamination process. The method 
developed in that study was the predecessor of 
the methods used in the current effort. 
The method reported by Lee et al. 18 was modified 
to be used on the larger coupons required for the 
current study. The target loading, based upon 
recovery from the positive controls, was 1 x 106 
spores per coupon with a relative standard 
deviation (RSD) of 50 percent. The sampling 
methods used for each material were based on 
the results of the above-mentioned preliminary 
comparison test, along with consultation with the 
Project Team. 
Surface sampling results from the positive control 
coupons of each material demonstrate the ability 
of the deposition and sampling methods to meet 
the target criteria. Results shown in Table 3-1 
confirm approximately a 6-log recovery (on 
average) of viable spores from the material 
surfaces of the positive controls. 
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Table 3-1. CFU Abundance and RSD for Positive Controls 
Decontamination 
Procedure* 
Stainless Steel Control Concrete Wood 
CFU/ft2 RSD CFU/ft2 RSD CFU/ft2 RSD 
A= Test 1 & 2 1.34E+07 27.03% 1.71E+06 40.35% 3.28E+06 47.45% 
B= Test 3 & 4 2.02E+07 24.33% 2.24E+06 28.09% 2.92E+06 55.45% 
C= Test 5 & 6 2.87E+07 20.95% 1.93E+06 44.63% 3.87E+06 71.33% 
D= Test 7 & 8 1.64E+07 17.64% 2.15E+06 53.90% 4.93E+06 44.66% 
E= Test 9 & 10 1.79E+07 3.20% 1.07E+06 37.86% 1.07E+06 29.72% 
 
Average 1.93E+07 18.63% 1.82E+06 40.96% 3.28E+06 49.72% 
*  See Table 2-1 for additional details. 
 A = pH-AB applied with backpack sprayer (30 minute exposure). 
 B = pH-AB applied with chemical sprayer (30 minute exposure). 
 C = Spor-Klenz® applied with backpack sprayer (15 minute exposure). 
 D = Spor-Klenz® applied with pressure washer (30/34 minute exposure). 
 E = pH-AB applied with backpack sprayer (15 minute exposure). 
 
Three stainless steel coupons were incorporated 
into each test as control coupons indicative of the 
deposition method. The smooth surface of 
stainless steel allows for optimal recovery of 
viable spores. Thus, the number of recovered 
CFU is expected to be higher than from the 
sample materials. During the inoculation 
procedure of each Task I test, one stainless steel 
coupon was loaded with spores before any other 
coupons; one in the middle of the inoculation 
series; and one at the end. Thus, these 
inoculation control coupons could be used to 
verify the consistency of the spore dispersion 
apparatus.  
The average spore recovery from the positive 
controls of each material typically fell within 1 log 
of the stainless steel controls (Figure 3-1). As 
mentioned above, sampling from the rough, 
heterogeneous surfaces of concrete and wood 
was expected to yield lower, more variable CFU 
than sampling from stainless steel. Recovery 
from concrete was lower than recovery from 
wood. During the wipe sampling of concrete, fine 
particles were present on the sampling surfaces 
prior to sampling, despite power-washing the 
coupons prior to sterilization. During sampling, 
fine particles on the surface of the coupon would 
cluster together, forming larger masses that 
would stay behind on the surface of the coupon, 
presumably with an unknown quantity of the 
target organism.  
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Figure 3-1. Positive Control and Material Coupon Loading for Task I 
 
The variation in positive control CFU for each 
material (Table 3-1) was higher than the 
anticipated 50 percent for some tests. For the 
wood coupons in Procedure B and C (Tests 4 
and 6), the outliers were higher than the 
averagepossibly because of natural variations in 
the coupon surface: a few coupons were 
smoother than normal and offered superior 
recovery from wipe samples. For the concrete 
coupons in Procedure D (Test 7), the outlier was 
lower than anticipated. 
3.1.2 Task II 
For Task II, Areas 1, 3, 7, and 9 for positive 
control determination of the inoculated coupons 
were sampled immediately prior to the 
decontamination procedure. The CFU recovered 
from these sampled areas would be compared to 
the CFU enumeration recovered from different 
areas of the same inoculated coupon after the 
decontamination procedure was complete. This 
procedure is very similar to the efficacy method 
that would be used in a field event. There were 
duplicate coupons for each material. The positive 
control results are shown in Table 3-2, below. 
The positive controls for concrete vertical coupon, 
replicate A (CVA) in Test C1 were lower than 
anticipated, but still high enough to provide a 
potential 6-log reduction. CVA may have had a 
lower inoculation concentration based on 
irregularities during inoculation. 
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Table 3-2. Task II Positive Controls 
 Test C1
* Test C2* 
Material** Avg. CFU/ft2 RSD (%) Avg. CFU/ft2 RSD (%) 
Stainless Steel 1.49E+07 27.3% 4.51+06 19.2% 
Concrete (CVA) 5.52E+05 48.1% 3.26+06 27.6% 
Concrete (CVB) 2.98+06 23.1% 5.29+06 31.3% 
Wood (TWA) 2.51+06 35.7% 1.96+06 21.1% 
Wood (TWB) 2.34+06 16.8% 2.39+06 20.6% 
*  Test C1 = pH-AB applied with backpack sprayer (30 minute exposure) with DI water rinse. 
 Test C2 = pH-AB applied with backpack sprayer (30 minute exposure); no DI water rinse. 
** CVA and CVB, and TWA and TWB, are designations for the replicate coupons. 
3.2  Task I: Evaluating Decontamination 
Procedures  
3.2.1 Surface Sampling Results  
To determine the most effective decontamination 
procedure and to determine which parameters 
were necessary to achieve desired results, 
several individual procedures were tested within 
the test matrix to determine their effect on overall 
efficacy. Several parameters were modified: 
application method, spray time, contact time, and 
overall exposure. Several novel approaches were 
used in the current study to provide a more 
directly visible tie of laboratory efficacy testing to 
field application of decontamination methods 
(e.g., use of aerosol deposition of biological agent 
instead of a liquid inoculation, use of field 
sampling methods instead of coupon extraction 
methods, and use of large coupons). This section 
details the results with conclusions that can be 
drawn from tests completed in this study. 
The conditions for each Task I test are shown in 
Table 3-3. Most tests performed during this task 
achieved the target log reduction of greater than 
6 LR. Figure 3-2 shows the efficacy in terms of 
log reduction (LR) of the decontamination 
technique averaged for all material surfaces for 
each test. 
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Table 3-3. Conditions for each Task 1 Test 
Test Material Application Decon 
Spray 
Time 
(sec) 
Reapplication 
Time (min) 
Number 
of  
Sprays  
Contact 
Time 
(min) 
Rinse 
Method LR‡ 
                    
1 Concrete 
Backpack 
Sprayer pH-AB 30 15 2 30 
Garden 
hose 6.54 
2 Wood 
Backpack 
Sprayer pH-AB 30 15 2 30 
Garden 
hose 6.77 
3 Concrete 
Chemical 
Sprayer pH-AB 15 15 2 30 
Power 
washer 6.60 
4 Wood 
Chemical 
Sprayer pH-AB 15 15 2 30 
Power 
washer 6.74 
5 Concrete 
Backpack 
Sprayer 
Spor-
Klenz® 30 15 2 15 
Garden 
hose 1.63 
6 Wood 
Backpack 
Sprayer 
Spor-
klenz® 30 15 2 15 
Garden 
hose 6.80 
7 Concrete 
Power 
Washer 
Spor-
Klenz® 15 15 2 30 
Power 
Washer 2.80 
8 Wood 
Power 
Washer 
Spor-
Klenz® 15 n/a 1 34 
Garden 
Hose 6.99 
9 Concrete 
Backpack 
Sprayer pH-AB 10 n/a 1 15 
Garden 
Hose 6.30 
10 Wood 
Backpack 
Sprayer 
pH-                                                                    
AB 10 n/a 1 23 
Garden 
Hose 4.04 
‡LR values represent surface log reduction only. 
 
The decontamination by means of pH-adjusted 
bleach was accomplished by a combination of 
removal and inactivation of spores. Viable spores 
were found in both rinsate and Via-Cell® air 
samples (discussed below). Of the procedures 
tested, those incorporating pH-adjusted bleach 
(Tests 1-4, 9-10) were typically most effective (> 
6 log reduction) for decontamination. The lower 
log reduction in Test 10 may be a result of 
material demand in conjunction with a single 
application; one spray application may not 
provide enough pH-adjusted bleach to overcome 
the demand of wood. The surface log reductions 
for tests utilizing Spor-Klenz® (Tests 5-8) were 
comparable to those with pH-adjusted bleach on 
treated wood (Tests 6,8), but significantly lower 
on tests involving concrete (Tests 5,7). Reduced 
efficacy of peroxide-based decontaminants on 
concrete is consistent with results from previous 
studies, 19 and suggests that this material may 
catalyze the destruction of peroxide. Interestingly, 
efficacy of Spor-Klenz® on wood (Test 6) was not 
negatively affected by the inadvertent rinse (and 
therefore reduced contact time) following the 
second spray application.  These results suggest 
Spor-Klenz® is highly efficacious on wood and is 
consistent with previous studies. 19 
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Figure 3-2. Material Surface Log Reduction for each Test Conducted 
 
The stability of all concrete coupon samples was 
called into question when a sample that yielded 
‘too numerous to count’ (TNTC) originally failed to 
produce any viable CFU six weeks later. The 
PBST extraction buffer was not strong enough to 
neutralize the alkalinity of the concrete wipe 
sample; the extracted sample had a pH of 12 
(following the 6-week storage at 4 °C). The pH of 
the sample matrix may have inactivated the 
spores over this time period. This result has 
minimal effect upon study results as most 
samples were processed within hours of 
collection. Further, decontamination efficacy was 
calculated based upon control samples, so 
antimicrobial activities post-sample collection 
would have equally impacted recovery from 
positive controls and thus have little impact on 
overall efficacy. Another complication arising from 
samples collected from concrete was that debris 
from these wipe samples clogged the 200 µL 
pipette tips used for dilution plating. These tips 
were graduated to allow for a visual check that 
the micropipette dispensed the correct volume. 
While tips with a larger orifice did allow passage 
of concrete debris, they did not possess 
graduations and therefore did not provide the 
same quality assurance during plating. 
3.2.2 Evaluation of the pH-Adjusted Bleach 
Application Procedure 
For Tests 1-4 and 9-10, pH-adjusted bleach was 
the sporicidal agent of choice, due in part not only 
to the previously demonstrated efficacy of this 
commonly-available solution, but also to the 
evident incompatibility of Spor-Klenz® with the 
selected equipment. To optimize the efficacy of 
low-tech decontamination procedures, several 
parameters were varied during the course of 
testing. 
• Tests 1 & 2:  Apply one 30-sec pH-AB 
spray with backpack sprayer, repeat 30-sec 
spray after 15 minutes, and then rinse with DI 
water using a garden hose after 15 minutes 
(30 minute contact time). 
• Tests 3 & 4:  Apply one 15-sec pH-AB 
spray with chemical sprayer, repeat 15-sec 
spray after 15 minutes, and then rinse with DI 
water using a pressure washer after 15 
minutes (30 minute contact time). 
• Tests 9 & 10:  Apply one 10-sec pH-AB 
spray with backpack sprayer and then rinse 
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with DI water using a garden hose after 15 
minutes (15 minute contact time). 
Figure 3-3 shows the LR from the material 
coupon surface during decontamination in 
comparison to the number of spores collected in 
the rinsate (note: bars with values preceded by 
“<” are detection limit values). The single 
application (in addition to a shorter spray 
duration) resulted in a lower total efficacy rate due 
to the presence of active spores in the rinsate. 
For tests with 30 minute contact time, the overall 
surface spore removal was very consistent 
across both spray durations and material types. 
The shorter spray duration yielded a higher 
number of viable spores in the rinsate. This 
higher number of spores in the rinsate along with 
the lower total efficacy for a single application of 
pH-adjusted bleach suggests that a single 
application would not be as effective or useful for 
decontamination as two short applications. The 
effectiveness of the chemical sprayer is 
consistent with the backpack sprayer used in the 
remainder of the pH-adjusted bleach tests. Direct 
comparison of these two methods is complicated 
by a shorter spray duration used in the chemical 
sprayer tests. The flow rate for the backpack 
sprayer is approximately 0.017 L/sec. A 30-
second spray dispenses 0.51 L of liquid onto the 
coupon surface. The flow rate for the chemical 
sprayer is approximately 0.185 L/sec. A 15-
second spray dispenses 2.75 L of liquid onto the 
coupon surface. These results suggest that 
smaller amounts of pH-adjusted bleach solution 
can be just as effective as much larger amounts.  
Application of decontaminant with both the 
backpack sprayer and the chemical sprayer 
resulted in compete wetting of the coupon 
surface.  The increased volume of 
decontaminant applied with the chemical sprayer 
likely only increased runoff from the coupon 
surface and not exposure of spores to 
decontaminant. 
 
 
Figure 3-3. Efficacy of pH-Adjusted Bleach Tests. 
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3.2.3 Evaluation of the Spor-Klenz® Application 
Procedure 
Tests 5-8 utilized Spor-Klenz® as the sporicidal 
agent. To optimize the efficacy of this 
decontamination method, several parameters 
were modified during the course of testing. 
• Tests 5 & 6 :  Using a backpack sprayer, 
apply one 30-sec Spor-Klenz® spray, repeat 
30-sec spray after 15 minutes. Coupons were 
inadvertently rinsed with DI water 
immediately after the second spray, resulting 
in a contact time of 15 minutes. 
• Tests 7 & 8:  Using a pressure washer, 
apply one 15-sec Spor-Klenz® spray, repeat 
15-sec spray after 15 minutes, and then rinse 
with DI water after 15 minutes. (Actual 
parameters varied; see discussion below) 
Figure 3-4 shows that Spor-Klenz® was much 
more effective as a sporicidal agent on wood 
coupons than on concrete coupons (note: bars 
with values preceded by “<” are detection limit 
values). The lack of viable spores in the Spor-
Klenz® concrete test rinsate (values in Figure 3-4 
are detection limit values) could indicate that the 
amount of sodium thiosulfate (STS) used to 
neutralize the Spor-Klenz® was not adequate; the 
neutralization equivalents used were those of 
other researchers (USEPA Evaluation Report19) 
and the Spor-Klenz® activity in the rinsate was not 
independently verified. If the Spor-Klenz® was not 
sufficiently neutralized, the spores may have 
continued to be inactivated after the DI rinse until 
the samples were analyzed by the Microbiology 
Laboratory. Another plausible explanation is that 
despite the low decontamination efficacy on 
concrete coupon surfaces, few viable spores 
were relocated to the rinsate fraction.  
The parameters for Test 8 (pressure washer on 
wood coupons) were not met as there were 
unforeseen malfunctions with the pressure 
washer (apparent vapor lock). Test 8 received 
only one contact time with Spor-Klenz® and was 
rinsed with DI water after a 34-minute total 
exposure time. Overall, Spor-Klenz® seems to be 
as effective as pH-AB on treated wood but less 
effective on concrete. Further testing would be 
necessary to determine its relative effectiveness 
on other commonly tested materials. 
 34 
 
Figure 3-4.  Efficacy of Spor-Klenz® Tests 
 
3.2.4 Ultimate Fate of Viable Spores  
An overall assessment of the decontamination 
procedural steps considers not only the viable 
spores recovered from the surface of the 
materials, but also those dislodged from the 
coupon either through re-aerosolization (as 
sampled by the Via-Cell ®) or into the rinsate.  
3.2.4.1 Aerosol Samples (Via-Cell®) – Task I 
The chamber used for Task 1 decontamination 
was designed for maximum air flow in order to 
protect laboratory workers from the hazardous 
fumes emitted by the decontamination procedure. 
The aerosol sampling strategy initiallycalled for 
sampling at a height and distance away from the 
coupons typical of the breathing zone of a 
decontamination worker. These bioaerosol 
sample data are reported as CFU per liter of air 
sampled, or roughly CFU per two breaths of air. 
The data are shown in Table 3-4. 
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Table 3-4.  Bioaerosol Levels 
Test ID CFU/L in Aerosol Sprayer Type 
1 11.8 Backpack Sprayer 
2 5.41 Backpack Sprayer 
3 70.5 Chemical Sprayer 
4 48.3 Chemical Sprayer 
5 46.0 Backpack Sprayer 
6 6.37 Backpack Sprayer 
7 2.01 Power Washer 
8 6.71 Power Washer 
9 391 Backpack Sprayer 
10 386 Backpack Sprayer 
 
These samples were collected only during the 
active spraying and are the maximum expected 
concentrations in the test chamber. These 
concentrations should not be viewed as a 
maximum possible exposure, because it is 
anticipated that the high rate of air exchange in 
the chamber removed many of the spores upon 
resuspension. The time interval over which these 
concentrations might have been sustained is also 
unknown. In a real-world area with less air 
exchange, the concentrations experienced could 
be much higher. 
There was concern during testing that the 
bioaerosol sample towards the front of the 
chamber may not be representative of 
concentrations throughout the chamber due to 
high flow rates from the exhaust duct at the rear. 
For Tests 7 and 8, a Via-Cell® cartridge was 
placed in the duct to monitor the spores exiting 
the chamber. These, combined with the total flow 
rate of the duct, could provide a total number of 
CFU re-aerosolized. These samples were not 
part of the original sampling strategy, and there 
were numerous difficulties due to the design of 
both the Via-Cell® cartridges and the sampling 
location. The volume of air sampled is not directly 
known due to the failure of an engineering 
control, but can be estimated by the sample flow 
rate and the sample time. These estimations 
suggest a concentration of nearly 7 x 104 CFU/L 
could be re-aerosolized. When extrapolated from 
the short duration of the sample collection, this 
concentration represents approximately 1 x 108 
total CFU re-aerosolized from the coupon 
surfaces. Again, because real-time data were not 
collected, the duration of time over which these 
concentrations might be sustained is unknown, or 
what the total number (or fraction) of spores re-
aerosolized might be. The data do show that re-
aerosolization of viable spores can be expected 
during the decontamination process. This re-
aerosolization has a broad impact on the efficacy 
of in-situ decontamination. Table 3-4 shows that 
in Tests 9 and10, at least one order of magnitude 
higher total number CFU re-aerosolized were 
present as compared to the rest of the tests. This 
result parallels the higher number of spores left in 
the rinsate following a single application of pH-
adjusted bleach (see Fig. 3-3). These tests 
employed only one application with pH-adjusted 
bleach coupled with a shorter contact time. Re-
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aerosolized spores could settle on previously 
decontaminated surfaces and thus complicate 
remediation efforts. The purpose of the collection 
of the bioaerosol samples  was to determine if 
the potential exists for re-aerosolization during 
decontamination application procedures and not 
to assess exposure quantitatively.    
3.2.4.2 Rinsate – Task I 
For most Task 1 testing, the number of CFU 
recovered in the rinsate was below the detection 
limit and is shown in Table 3-5, below. However, 
for Tests 9 and 10, a large number of viable 
spores were physically removed from the surface 
during the decontamination and rinse steps; 
these spores could potentially re-contaminate 
treated surfaces if not properly collected and 
inactivated. When no viable spores were 
detected, a value of 0.5 CFU was assigned as the 
detection limit of the plated amount, and the 
CFUs were reported as less than the detection 
limit. 
Table 3-5.  Rinsate Sample CFUs 
Rinsate 
Test # Total CFUs 
    
1 <24 
2 <26 
3 <44 
4 100 
5 <25 
6 <27 
7 <29 
8 <27 
9 13000 
10 83000 
 
 
Table 3-5 shows that approximately 8 x 105 CFU 
were present in the rinsate from Tests 9-10.  
These tests employed only one application with 
pH-adjusted bleach. These coupons had less 
contact time with pH-adjusted bleach, which 
resulted in less chemical inactivation. More viable 
spores on the coupon at the time of rinsing led to 
a higher number of viable spores in the rinsate. 
3.3 Task II Results 
3.3.1 Surface Sampling Results – Test Coupons  
Based on the Task I results, the decontamination 
procedure that was most effective was developed 
for further testing in Task II: the use of pH-
adjusted bleach by backpack sprayer, sprayed on 
either concrete or wood and rinsed with a garden 
hose.  In addition, in an effort to shorten the 
required time for facility decontamination, a 
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second test in Task II was conducted, similar to 
the first test except the rinse step was omitted.  
Both procedures used two 30-second spray times 
every 15 minutes, for a total of 30 minutes 
exposure per application.  Again, Procedure 1 
included a rinse step, and Procedure 2 did not 
include this step. The results are shown in Figure 
3-5. The results indicate that the two 
decontamination approaches were equivalent in 
decontaminating the two types of materials. The 
results also suggest that a rinse step is not 
needed for these decontamination procedures to 
be effective on concrete and wood. However, if 
applications were to be made to surface materials 
sensitive to bleach (e.g., stainless steel), rinsing 
might be desirable.  On surfaces and materials 
where corrosion is not a concern, elimination of 
the rinse step could streamline the 
decontamination process and significantly reduce 
the amount of contaminated wastewater 
generated. At facilities with minimal ventilation,  
a rinse step may be necessary to reduce chlorine 
off-gassing after decontamination. 
 
 
Figure 3-5. Efficacy of Task II Decontamination Procedures 
 
3.3.2 Ultimate Fate of Viable Spores  
3.3.2.1 Aerosol Samples (Via-Cell®) – Task II 
The Task II Bioaerosol sample results (Figure 3-
6) show some ambiguity. Test C2 suggests that 
spores were dislodged during the first 
decontamination step and were constantly 
removed (due to air exchange) following that 
release. During Test C1, however, a single 
aerosol sample was two orders of magnitude 
above samples taken two minutes before and two 
minutes after. Given that no intentional activity 
was done that could have initiated the spike, this 
high spike in CFU in such a short amount of time 
may be the result of cross contamination.  
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Figure 3-6. Bioaerosol Levels during Task II 
Discarding this outlier, the aerosol data trend 
downward as the decontamination progresses, 
beginning before the decontamination steps were 
started. Thus, not only is cross-contamination 
likely, but the original presence of the spores is 
due to either control sampling or re-aerosolization 
of ambient spores in the COMMANDER 
chamber. This result prevented decoupling of 
airborne spore concentration from environmental 
conditions such as air exchange rate and the 
decontamination procedure itself. Hence, unlike 
in Task I where ambient airborne spore 
concentration can be shown to increase due to 
decontamination steps, the data from Task II 
neither supports nor refutes this proposition due 
to the complex activity inside COMMANDER 
before and during the decontamination.  
The Task II aerosol sample results shown in 
Figure 3-6 represent around 9 x 104 re-
aerosolized spores during Test C2, 
demonstrating that airborne spores can be 
expected in a field decontamination event. The air 
exchange rate in COMMANDER is higher than 
could be anticipated in a typical indoor 
environment, and so could be seen as a best 
case scenario (i.e., expect higher airborne spore 
concentrations in a typical indoor environment 
with a lower air exchange rate). During 
decontamination, re-aerosolized spores could be 
expected to move into and through the HVAC 
system (if operating) during decontamination, 
thereby spreading contamination to other areas of 
the facility. In an outdoor environment, or in an 
indoor facility typical of FAD operations with 
higher airflow, these airborne contaminants could 
be removed during decontamination and perhaps 
contaminate areas adjacent to the initial 
contamination zone or primary contaminated 
facility. 
3.3.2.2 Rinsate – Task II 
For Task II, the rinsate collection troughs were 
immediately contaminated once brought inside 
the COMMANDER chamber. The fact that the 
contamination rate seems systematically higher 
for concrete coupons than wood coupons 
suggests that the contamination is coming from 
the coupons themselves and not from the 
common environment. The loose material from 
the concrete coupons might have dropped into 
the trough while it was being placed under the 
coupon. While this complicates interpretation of 
the data, the CFU counts after the 
decontamination procedure were higher for Test 
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C1, suggesting that active spores were 
transferred to the rinsate (Table 3-6). No CFU 
were detected following the decontamination 
procedure in Test C2. Failure to detect any CFU 
seemed unlikely given the presence of spores 
before the decontamination began. Perhaps 
excess STS may have caused inhibition of spore 
outgrowth during cultivation of sample extracts. 
For Test C1, the STS was quite dilute (due to the 
presence of the rinse water), so less than 1 
percent of the total amount used was present on 
the filter. For Test C2, STS represented 40 
percent of the total rinsate. 
 
Table 3-6. CFU recovered from Task II Rinsate  
Coupon 
Test C1 Test C2 
Rinsate before Decon Rinsate after Decon Rinsate before Decon Rinsate after Decon 
CVA 2.30E+04 1.30E+05 4.93E+03 <105 
CVB 2.00E+04 2.84E+05 1.87E+03 <398 
TWA 3.30E+03 1.51E+05 1.00E+03 <75 
TWB 3.33E+03 1.41E+05 3.73E+02 <205 
 
3.4 Assessment of Operational Parameters 
3.4.1 Time 
The time required to decontaminate a batch of 
coupons depended on the decontamination 
procedure being applied. Experience using the 
backpack sprayer decontamination procedure in 
Task II suggested that 350 sq ft can be 
decontaminated by one person before a second 
application would be needed, which works out to 
700 sq ft/hour. The rinse step could be performed 
quickly at the end of a 4-hour shift, suggesting 
that 2000-2500 sq ft could be decontaminated per 
worker per 4-hour shift. Such an application 
would require approximately 18 gallons/hour of 
sporicide. This volume would require that the 
backpack sprayer (5-gallon capacity) be refilled 
every 15 minutes. Due to safety concerns with 
fatigue while wearing a NFSA Class C suit, 
cooling vests may be necessary to sustain a 4-
hour shift, especially in hot weather.  
3.4.2 Physical Impacts on Materials 
Treated wood and concrete showed no signs of 
physical changes after being decontaminated. 
Spor-Klenz® was incompatible with the 
commercial off-the shelf pressure washer due 
probably to its low pH. The apparent vapor lock 
on the day of decontamination was probably an 
effect of corrosion, as seen on the nozzle the 
following morning (see Figure 3-7). 
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Figure 3-7. Corrosion on Pressure Washer Nozzle from Contact withSpor-Klenz®  
3.4.3 Impact on Decontamination Workers 
For the Task I study, the actual decontamination 
procedure was moderately intensive with minor 
discomfort at certain points in the procedure. The 
procedure included standing in an upright position 
while decontaminating materials.. Most individual 
tasks were ergonomic in nature.  
Task II tests were performed inside 
COMMANDER in a completely different 
environment than Task I tests. Since 
COMMANDER is an enclosed space in which 
chlorine levels are a safety hazard to any 
member of the remediation crew, level B 
HAZMAT suits were required for any 
decontamination event in COMMANDER. 
Supplied air respirators were used and 5 min 
escape bottles were carried by personnel inside 
the chamber. The supplied air was fed to the 
respirators using air lines mounted inside 
COMMANDER. The backpack sprayers were left 
on the floor and the remediation crew simply 
sprayed the coupons from a stationary position. 
Space is limited inside COMMANDER, causing 
otherwise simple tasks to require coordination 
between team members. Although temperatures 
approximated normal room temperature inside 
COMMANDER, heat stress was a potential factor 
while doing work wearing level C suits, so cooling 
vests were worn inside the suits. At the end of a 2 
hr decontamination cycle (including wipe 
sampling upon entry), the crew was very fatigued 
and the ice packs in the cooling vests had often 
melted. For a member of an actual field crew, 
there would be the added weight of a supplied air 
cylinder and the need to carry the backpack 
sprayer from position to position. In addition, if a 
supplied air cylinder is being worn on the back, it 
would probably be difficult to wear the backpack 
sprayer correctly. Wearing a supplied air cylinder 
would necessitate constant lifting of the sprayer 
and all of the health and safety risks that are 
inherent in such actions.  
 
3.5 Summary of Results 
Most tests performed during Task I achieved the 
target efficacy from surfaces of greater than 6 LR, 
a widely accepted standard for demonstrating 
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sporicidal efficacy (e.g., 1 LR would be a 
reduction of 10, 2 LR would be a reduction of 
100, 6 LR would be a reduction of 1 million, etc.). 
The decontamination by means of pH-adjusted 
bleach was accomplished by a combination of 
removal and inactivation of spores. Viable spores 
were found in both the rinsate and bioaerosol 
samples. Of the procedures tested, those 
incorporating pH-adjusted bleach were more 
effective for decontamination on concrete and 
wood than Spor-Klenz®. The lower LR (4 LR) 
seen in one test with wood may have been the 
result of material demand (i.e., reduction in 
activity of the decontaminant though reaction with 
the test material) in conjunction with a single 
application of the pH-adjusted bleach. One spray 
application does not appear to provide enough 
pH-adjusted bleach to overcome the demand of 
wood. The surface LRs for tests utilizing Spor-
Klenz® were comparable to those with pH-
adjusted bleach on treated wood, but significantly 
lower on tests involving concrete (< 3 LR).  
Based on the Task I results, the most effective 
decontamination procedures were developed for 
further testing in Task II: the use of pH-adjusted 
bleach by backpack sprayer, sprayed on either 
concrete or wood, and rinsed or not rinsed. These 
procedures all used two 30-second spray times 
every 15 minutes, for a total of 30 minutes spray 
exposure per application. Procedure 1 included a 
rinse step, and Procedure 2 did not include this 
step. The results indicate that the 2 
decontamination approaches were equivalent in 
decontaminating the two types of materials. The 
results also suggest that rinsing is not needed for 
these decontamination procedures to be effective 
on concrete and wood. However, if applications 
were to be made to surface materials sensitive to 
bleach (e.g., stainless steel), rinsing might be 
desirable from that standpoint as bleach and 
other aggressive oxidants are known to cause 
corrosion of numerous surfaces.  LRs were 
approximately 6 for concrete and just under 6 for 
wood. 
The overall fate of the biological spores was 
assessed, not only for the viable spores 
recovered from the surface of the materials, but 
also fugitive viable agent escaping in the rinsate 
and aerosol fractions.  Aerosol samples 
collected using bioaerosol filter cassettes during 
testing with the “medium-sized” coupons show 
that re-aerosolization of viable spores can be 
expected during the decontamination process. 
Although one test with the “large-sized” coupons 
suggests that spores were dislodged during the 
first decontamination step and were constantly 
removed from the chamber (due to air exchange) 
following that release, further evaluation of the 
data indicates that there was probably cross-
contamination and re-aerosolization of ambient 
spores in the chamber. However, the data do 
indicate that spores can be expected to be re-
aerosolized in a field decontamination event and 
could be expected to travel through the HVAC 
system (if operating) during decontamination and 
potentially spread contamination throughout a 
facility.  
For most of the “medium-sized” coupon testing, 
the number of CFU recovered in the rinsate was 
below the detection limit. However, in the tests 
where only one short application of pH-AB was 
used, a large number of viable spores were 
physically removed from the surface during the 
decontamination and rinse steps. Such rinsate 
would potentially cause contamination to spread if 
not properly collected and treated. 
The collection troughs for the “large-sized” 
coupon rinsate were immediately contaminated 
once brought inside the test chamber during test 
set-up. However, the rinsate contamination was 
systematically higher for the concrete coupons 
over the wood coupons. The contamination may 
be coming from the coupons themselves. The 
loose material from the concrete coupons might 
have dropped into the trough while it was being 
placed under the coupon. Despite the occurrence 
of viable spores in the troughs prior to testing, the 
data suggest that active spores were transferred 
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to the rinsate as viable spore abundance in these 
samples increased by approximately 1 x 105 
following the decontamination procedure that 
utilized a rinse step. 
The major findings from this study are as follows: 
• pH-Adjusted bleach was highly effective 
(approximately 6 LR) on wood and 
concrete when used with a thirty-minute 
contact time and two applications. 
 
• Spor-Klenz® was more effective on 
wood than on concrete. 
 
• For concrete coupons, pH-adjusted 
bleach was more efficacious than Spor-
Klenz®. 
 
• Reduction of the number of pH-adjusted 
bleach applications and contact time 
resulted in lower decontamination 
efficacy for surfaces and greater 
amounts of spores detected in rinsate 
and aerosol samples. 
 
• Decontamination efficacy was similar 
between the two evaluated application 
devices (backpack sprayer and 
pressurized sprayer) despite significant 
differences in volume of decontaminant 
delivered to the coupon surface.    
 
• Viable biological agent was detected in 
aerosol and rinsate (runoff) samples 
during all tests, and can therefore be a 
significant source of cross-
contamination during a remediation. 
 
• Elimination of a rinse step from the 
decontamination procedure did not 
reduce surface decontamination efficacy 
and may be a viable option on non-
corrosive materials. 
 
• Worker fatigue may be of concern in an 
actual remediation as heat and 
exhaustion were experienced by 
laboratory workers when conducting 
scale-up tests that required level C 
personal protective equipment. 
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5. Quality Assurance and Quality Control 
This project was performed under an approved 
Category III Quality Assurance Project Plan titled 
Effectiveness of Physical and Chemical Cleaning 
and Disinfection Methods for Removing, 
Reducing or Inactivating Agricultural Biological 
Threat Agents (DCMD 3.41B) (August 2010).5 
5.1 Calibration of Sampling/Monitoring 
Equipment 
There were standard operating procedures for the 
maintenance and calibration of all laboratory and 
Microbiology Laboratory equipment. All 
equipment was verified as being certified 
calibrated or having the calibration validated by 
EPA’s Air Pollution Prevention and Control 
Division (APPCD) on-site (RTP, NC) Metrology 
Laboratory at the time of use. Standard laboratory 
equipment such as balances, pH meters, 
biological safety cabinets and incubators were 
routinely monitored for proper performance. 
Calibration of instruments was done at the 
frequency shown in Tables 4-1 and 4-2. Any 
deficiencies were noted. The instrument was 
adjusted to meet calibration tolerances and 
recalibrated within 24 hours. If tolerances were 
not met after recalibration, additional corrective 
action was taken, possibly including, recalibration 
or/and replacement of the equipment. 
 
Table 4-1. Laboratory Instrument Calibration Frequency 
Equipment Calibration/Certification Expected Tolerance 
Thermometer Compare to independent NIST thermometer ( a 
thermometer that is recertified annually by either 
NIST or an International Organization for 
Standardization (ISO)-17025 facility) value once per 
quarter 
±1°C 
pH meter Perform a single point calibration with standard 
buffers daily. 
± 0.1 pH units 
Stopwatch  Compare against NIST Official U.S. time at 
(http://nist.time.gov/timezone.cgi?Eastern/d/-5/java) 
monthly. 
±1second/min 
Clock Compare to office U.S. Time @ www.NIST.time.gov 
at the start of each test (before coupon loading). 
±1 min/30 
days 
Analytical balance All analytical balances will be certified as calibrated 
at time of use. Balances are recalibrated by the 
Metrology Laboratory using standards. Evaluation 
of balance performance to manufacturer's 
specifications conducted yearly. 
±5% 
Pressure Gauge Compare to independent NIST Pressure gauge 
annually. 
+2 psi 
Sampling Pump Flow Rate Compare to a NIST certified and calibrated soap 
bubble meter monthly 
+ 1 Lpm 
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Table 4-2. Microbiology Laboratory Instrument Calibration Frequency 
Equipment Calibration/Certification Expected 
Tolerance 
Thermometer Compare to independent NIST thermometer (this is a thermometer that is 
recertified annually by either NIST or an International Organization for 
Standardization (ISO)-17025 facility) value once per quarter. 
±1°C 
Pipettes All micropipettes will be certified as calibrated at time of use. Pipettes are 
recalibrated by gravimetric evaluation of pipette performance to 
manufacturer's specifications every twelve months by supplier (Rainin 
Instruments/Ovation) or credible calibration service. 
±5% 
Analytical balance All analytical balances will be certified as calibrated at time of use. Balances 
are recalibrated by the Metrology Laboratory using standards. Evaluation of 
balance performance to manufacturer's specifications conducted yearly. 
±5% 
pH Meters Perform a 2-point calibration with standard buffers that bracket the target pH 
daily. 
± 0.1 pH units 
Clock Compare to office U.S. Time @ www.NIST.time.gov at the start of each test 
(before coupon loading). 
±1 min/30 days 
 
5.2 Data Quality Indicator (DQI) Goals 
Target acceptance criteria for the critical 
measurements are shown in Table 4-3 along with 
precision goals. 
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Table 4-3. Acceptance criteria and test values for critical measurements 
Measurement Parameter Target Value Test Value 
Free Available Chlorine (FAC) in pH-
adjusted bleach solution 6000 – 6700 ppm 6200-6800* 
pH of pH-adjusted bleach solution >6.5 pH <7.0 6.5-6.8 
Temperature of liquids  18 – 28 °C 10.7*-25.1 
Head pressure of rinse water 55-65 psi 60 
Pressure of backpack sprayer  30-40 psi 30-36 
Flow rate of backpack sprayer 850-950 mL/min 990*-1104* 
Flow rate of pressure washer 10 – 11 kg/min 8.3*-8.7* 
Positive control CFUs 5 x 10
6  – 5 x 107  
CFU per ft2 
2.0 x 106* – 4.9 x 106  
Task 1 
6.8 x 104* – 6.5 x 105* 
Task 2 
CFU abundance on dilution plate** 30 – 300 CFU per plate 19
* – 296 CFU per plate 
CFU abundance on filter plate < 100 0-89 CFU 
*  Outside the target range 
** This requirement only for plates used for quantification; plates outside this range were not used for quantification. 
5.2.1 Free Available Chlorine (FAC) 
Measurements 
The Hach High Range Bleach Test Kit was used 
to titrate a standard solution of 1000 ppm 
NaClO2. The Hach test kit returned a value 
within 10 percent of the standard. The pH-
adjusted bleach FAC measurement was higher 
than the target value for Test 2 during 
decontamination of wood coupons due to a 
personnel oversight. The LR for Test 2 may 
have been slightly elevated in regards to the 
other tests. As there were spores detected for 
these samples, the overall effect of the slight 
elevation of FAC is not expected to be 
significant. 
5.2.2 pH Measurements 
The Oakton pH probe was calibrated with 
certified pH 7.0 buffer solution per manufacturer’s 
instructions at the start of each test day. All the 
results were within the specified target range. 
5.2.3 Temperature Measurements 
The contamination prevention protocol required 
the deionized water reservoir to be filled the day 
of testing to minimize cross-contamination. 
Protocol for the daily filling of the deionized 
reservoir consisted of the following steps: the 
morning of testing, the reservoir was filled with a 
diluted bleach solution, let sit for one hour, 
emptied, triple-rinsed with DI water, then refilled 
with DI water for testing. Therefore, the water 
temperature was dependent on the room 
temperature, and measurements outside the 
target range were recorded.  The temperature of 
the DI rinse water is expected to have minimal 
effect on project results, therefore was allowed to 
remain outside specification without corrective 
action.  
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5.2.4 Pressure Measurements 
All pressure measurements were consistently 
within specification. 
5.2.5 Flow Measurements 
The target flow rates listed in the QAPP for the 
backpack sprayer were based on water; this 
study used a non-water solution. The sprayer was 
set to its lowest setting to provide a spray pattern 
of 16-in diameter from a distance of 3 ft. The 
same can be said for the pressure washer. In 
general, the flow rates were consistent between 
tests and did not affect the intra-test 
comparisons. 
5.2.6 CFU Counts 
Twenty-five percent of all plates containing 
significant growth (30-300 CFUs) were counted 
by a second person, and fell within 10 percent of 
the initial count. The positive control spore counts 
were in a few instances below the target counts; 
however, all were within an order of magnitude of 
the target count and were deemed acceptable by 
the EPA Work Assignment Manager (WAM).  
Further, in some instances, the CFU abundances 
on the dilution plates were taken as they were 
when their values were near the lower CFU 
acceptance criterion of 30. 
5.3 Data Quality Audit 
The ARCADIS QA Manager reviewed the final 
report and randomly selected portions of reported 
data to trace from the initial acquisition through 
reduction to final reporting to ensure the integrity 
of the reported results. Data from two tests from 
Task I were selected (Test 2 and Test 7) and one 
test from Task II (Test C2).  For each of these 
tests the following documentation was 
reviewed:  laboratory notebook entries, 
laboratory test reports, and data tables within the 
final report. Any discrepancies between reported 
results and raw data files were brought to the 
attention of the ARCADIS WAL and revised 
and/or corrected as appropriate.   
5.4 QA/QC Reporting 
QA/QC procedures were performed in 
accordance with the QAPP for this investigation. 
5.5 Amendments and Deviations from the Original 
QAPP  
5.5.1 Formal Amendments    
During the course of the projects, some 
amendments were added to the QAPP by the 
EPA WAM in response to data results or 
equipment failures. These amendments, listed 
below, were submitted by e-mail to the EPA QA 
officer for formal approval. 
 
Amendment 1 (10/12/2010) 
Wipe Sampling Protocol (page 31, step 2b) 
amended to read, "The wipe will be moistened by 
adding 2.5 mL of sterile phosphate buffered 
saline with 0.005% TWEEN-20" (instead of 5 
mL).  
Amendment 2 (10/22/2010)  
Table 4-5, Coupon Sample Coding, was 
replaced. The original table outlined a sample 
nomenclature that did not permit easy 
identification of control samples.  
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Table 4-5:  Coupon Sample Coding 
Coupon Identification:  T-S-M-NN 
 Code  
T/C 
(Test Number) 
1 – 10 
Test Number preceded with T for Task I(Table 3-2) 
and preceded with C for tests in Task II (Table 3-4)  
S 
(Sample Type) 
P Positive control wipe sample 
T Test wipe sample 
PX Procedural blank 
FX Field Blank 
LX Lab Blank 
R Rinsate 
VS Aerosol sample (Viacell Suspended in chamber) 
VD Aerosol sample (Viacell in Duct) 
S Swab sample 
M 
(Material) 
CV Concrete (vertical orientation) 
TW Pressure Treated Wood (vertical orientation) 
SS Stainless Steel 
DI DI Water 
XX Blank 
NN 
(Sample number) 
## Replicate number or sample area number 
APPCD Microbiology Laboratory Plate Identification:  T-S-M-NN-R-D 
T-S-M-NN     As above 
Replicate R   A – C 
Dilution D   1 x 10
0 - 1 x 104 
 
 
Amendment 3 (11/08/2010)  
Based on data from the first four tests, the Spor-
Klenz® power washer testing (Tests 7 and 8) was 
changed to utilize an application rate of 15 
seconds per 3 coupons (rather than 30 seconds) 
(section 3.1.5.3.2). 
Amendment 4 (11/22/2010)  
During tests 7 and 8, the John Deere pressure 
washer failed due to incompatibility with Spor-
Klenz®. Section 3.1.5.3.2 of the QAPP was 
amended to state that sporicides would be 
applied to the coupons via a Chemical Sprayer 
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(Model# PP-UAG1003HU-K) made by UDOR 
USA. The pressure washer would still be used to 
rinse the decontaminant from the coupons once 
the contact time had been achieved. In addition, 
the remainder of tests would be conducted using 
the following replacement pressure washer:  
 
Troy Bilt  
M# 020337  
S# 1017273115  
Max psi=2550  
Max GPM=2.3 
Amendment 5 (02/01/2011)  
Based on test results, Task II decontaminant 
spray to the large 101.6 cm by 101.6 cm (40 in by 
40 in) coupons would be for 30 seconds per 
application (rather than 90 seconds). 
Amendment 6 (02/23/2011)  
The last two Task II tests would be conducted 
exactly as the first two tests, except that a rinse 
step would not be conducted following the contact 
time.    
5.5.2 Deviations from the QAPP 
Most of the data quality indicators for the critical 
measurements were within their specified target 
ranges as indicated in Table 4-3. However, in 
some instances, some small deviations were 
noted such as deionized water temperatures, 
sprayer flow rates, or CFU counts.  These small 
deviations in measurements, although critical, 
were consistent throughout the tests and did not 
affect the intra-test comparisons 
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Appendix A: Coupon Sterilization 
Task I: Pressure-Treated Wood Coupons 35.6 cm by 35.6 cm (14 in by 14 in) 
The pressure-treated wood coupons underwent sterilization using a STERIS VHP® sterilization cycle. This 
cycle entails the use of a STERIS VHP® ARD hydrogen peroxide (H2O2) generator. The coupons were 
individually enclosed in H2O2 vapor-permeable sterilization bags (General Econopak, Inc.; Steam 
Component Autoclave Bag, White, 20" by 20"; Item # 62020TW) and exposed to H2O2 at 250 ppmv for 240 
minutes by maintaining this minimum concentration in the airlock of COMMANDER. The coupons were 
sterilized in batches. The number of coupons per batch was determined so that all coupons in the chamber 
would be exposed to the vapor without shielding (e.g., no coupons were physically on top of others) and 
appropriate mixing of the H2O2 occurs in the chamber. After sterilization, coupons of the same type were 
placed in a sterile container for storage prior to use and transport to the testing location. The container was 
marked with the contents, including the date of sterilization. One coupon from each material type and 
sterilization cycle was sampled according to the sterilization sampling procedure described in Appendix F. 
The samples from each material were analyzed qualitatively for the presence of any potentially confounding 
contamination. Batches found to have the presence of contamination were re-sterilized. If after a second 
sterilization cycle the batch was determined to still be contaminated, all coupons from the batch were 
discarded. 
Test parameters such as temperature, relative humidity and concentration were monitored and recorded to 
ensure STERIS’s defined quality standards were met. The quality of the cycle was considered in compliance 
with STERIS’s label as long as all parameters were within the manufacturer’s specifications. 
Task I: Concrete Coupons 35.6 cm by 35.6 cm (14 in by 14 in)  
The STERIS VHP® sterilization cycle described above was determined to be inadequate for the sterilization 
of the concrete coupons. These coupons were therefore sterilized by steam autoclave utilizing a one-hour 
gravity cycle program consistent with an APPCD Microbiology Laboratory internal MOP 6570 (included in 
Appendix C). Confirmation of sterilization was conducted as described above with respect to the coupons 
sterilized using the STERIS VHP® sterilization cycle. Prior to sterilization, concrete coupons were cleaned by 
pressure-washing each with water to remove excess grit and loose agglomerations of concrete. 
Task II: Pressure-Treated Wood and Concrete Coupons 101.6 cm by 101.6 cm (40 in by 40 in) 
The large coupons used for Task II underwent sterilization using the STERIS VHP® sterilization cycle 
described above for the Task I pressure-treated wood coupons, but the large coupons were not enclosed in 
sterilization bags. These coupons were tested in COMMANDER following sterilization. 
MDI Control Check Stainless Steel Coupons 
In addition to the test materials, metered dose inhaler (MDI) control coupons made of stainless steel 35.6 
cm by 35.6 cm (14 in by 14 in) were also used as coupon inoculation controls. These coupons were 
sterilized prior to use by steam autoclave utilizing a one-hour gravity cycle program consistent with an 
APPCD Microbiology Laboratory internal MOP 6570. Confirmation of sterilization was done by sampling. 
 52 
Appendix B: Test Chamber and Equipment Cleaning Procedures 
The pH-adjusted bleach solution to be used for cleaning surfaces of equipment in both the decontamination 
and microbiology laboratories will be prepared as a 1:10 dilution of bleach in DI water, pH-adjusted to ~6.8 
using glacial acetic acid. 
The following steps will be followed for cleaning the decontamination chamber between each material type 
and before/after each test.  
a. Using the backpack sprayer, the interior surfaces will be kept wet with pH-adjusted bleach solution for 
10 minutes. 
b. With the drain open, the surfaces will then be rinsed with DI water. The rinsate will be collected in a 
carboy and ultimately discarded. 
c. After ensuring all rinsate is removed from the chamber, the valve will be closed in preparation for the 
next test. 
d. A mop assembly with a disposable pad will be used to wipe down the interior of the chamber with 
isopropyl alcohol or ethanol. 
e. The pad will be then removed and placed in a bucket of amended bleach solution for decontamination 
prior to disposal. 
The following steps will be followed for cleaning the work surfaces before and after use. 
a. Wet all surfaces with pH-adjusted bleach solution or using Dispatch® bleach wipes. 
b. Rinse with DI water. 
c. Wet and wipe surfaces with isopropyl alcohol or ethanol. 
d. Air dry prior to re-use. 
e. Alternatively, cover paper can be used and replaced before/after each use. 
The sampling templates will be autoclaved before/after each use. 
The following steps will be followed for cleaning the coupon cabinets before and after use. 
a. Wet and wipe all surfaces with pH-adjusted bleach solution or using Dispatch® bleach wipes. 
b. Rinse with DI water. 
c. Wet and wipe surfaces with isopropyl alcohol or ethanol. 
d. Air-dry prior to re-use. 
The gaskets used during the contamination procedure were cleaned via fumigation with the STERIS VHP® 
sterilization cycle. This cycle entails the use of a STERIS VHP® ARD hydrogen peroxide (H2O2) generator 
and exposure of all components of the wet/dry vacuum to H2O2 at 1000 ppmv for 60 minutes by maintaining 
this constant concentration in a decontamination chamber. 
Bins used in the study will either be filled with pH-adjusted bleach and left covered for at least 60 minutes, 
rinsed with DI water, and air-dried or cleaned by the following procedure:  
a. Wet and wipe all surfaces with pH-adjusted bleach solution or using Dispatch® bleach wipes. 
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b. Rinse with DI water. 
c. Air-dry prior to re-use. 
Alternatively to the use of pH-adjusted bleach for the sterilization of the materials and equipment used in 
each decontamination test, the STERIS VHP® sterilization cycle may be used. The equipment/materials will 
be placed in either the ~900 cu. ft. stainless steel chamber, or the COMMANDER main chamber or airlock. 
The sterilization cycle shall be a minimum of 250 ppmv H2O2 for at least 4 hours. Dehumidification to less 
than 40% RH shall be done prior to the injection of H2O2 vapor. A minimum of 1000 ppmv-hours (dose or 
CT = concentration by time) shall be achieved with the concentration above the minimum target of 250 
ppmv (i.e., the CT clock shall be stopped if the concentration falls below this value.). VHP® will be used for 
all sterilization events in COMMANDER. 
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Appendix C: Miscellaneous Operating Procedures (MOPs) 
MOP 3135 Procedure for Sample Collection using BactiSwabTM Collection and Transport Systems 
MOP 6535a: Serial Dilution: Spread Plate Procedure to Quantify Viable Bacterial Spores 
MOP 6561: Aerosol Deposition of Spores onto Material Coupon Surfaces Using the Aerosol Deposition 
Apparatus (An EPA proprietary method, unable to be disclosed at the time of writing this 
report, patent pending) 
MOP 6562: Preparing Pre-Measured Tubes with Aliquoted Amounts of Phosphate Buffered Saline with 
Tween 20 (PBST) 
MOP 6565: Filtration and Plating of Bacteria from Liquid Extracts 
MOP 6567: Recovery of Bacillus Spores from Wipe Samples 
MOP 6568: Aseptic Assembly of Wipe Kits 
MOP 6570: Use of STERIS Amsco Century SV 120 Scientific Prevacuum Sterilizer 
MOP 6571: Recovery of Bacillus Spores from Via-cell Aerosol Sampling Cassettes 
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MOP 3135 
 
TITLE: Procedure for WA 1-25:  Procedure for Sample Collection using BactiSwabTM Collection 
and Transport Systems 
 
SCOPE: This MOP describes the procedure for collecting swab samples for Low Tech   
  Decontamination Technique Testing 
 
PURPOSE: The purpose of this MOP is to ensure that all swab sampling is performed in a   
   consistent manner. 
 
 
Equipment/Reagents 
• Disposable laboratory coat 
• Nitrile examination gloves 
• P95 Respirator 
• Shoe covers 
• Bouffant cap 
• Safety glasses 
• BactiSwabTM Collection and Transport System 
 
1.0 PROCEDURE 
 
1. Enter the COMMANDER airlock wearing appropriate, project-specific PPE (at a minimum gloves, laboratory 
coat, and safety glasses), making sure the airlock door is closed.  
 
2. Through the sleeve, crush the BactiSwabTM ampule at midpoint. 
 
3. Hold BactiSwabTM tip end up for at least five seconds to allow the medium to wet the swab. 
 
4. Open the package and remove the BactiSwabTM. 
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5. Label the plastic tube appropriately using the following scheme: 
 
 X-Y-N where,  
 
X is the test number,  
Y is the material abbreviation, and N is the material number. 
6. Remove the cap-swab from the plastic tube. 
 
7. Swab the surface following the recommend guidelines for each material while spinning the cap-swab 
between the thumb and index fingers.  
 
a. Brushes (B). 
 
Pull the cap-swab through the brush bristles using one continuous stroke moving top to bottom and left to 
right.  
 
b. Nozzles (N). 
 
Swab around the squeegee, inside the divisions, and inside the opening for the hose attachment.  
 
c. Buckets (P). 
 
Swab the sides and the bottom surfaces in an “S” pattern. 
 
d. Brush Handles (BH). 
 
Swab the top quarter of the handle top to bottom then bottom to top, turning the handle as you go.  
 
e. Hoses (VH). 
 
Swab inside and outside the hose opening that attaches to the nozzle.  
 
 
f. Vacuums (V). 
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 Randomly swab the folds of the HEPA filter, swab the bottom of the vacuum lid, then swab the walls and 
bottom of the canister.  Swab the inside of the exhaust port. 
 
8. Return cap-swab to tube.  
 
9. Date and initial each sample tube.  Enter this information into the laboratory notebook.  
 
10. Complete the chain of custody form and relinquish the samples to the BioLab. 
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BL MOP NO. 6535a       4-8-2009, rev. 2.0    
       
 
Title:   Serial Dilution: Spread Plate Procedure to Quantify Viable Bacterial Spores 
Scope:  Determine the abundance of bacterial spores in a liquid extract  
Purpose:  Determine quantitatively the number of viable bacterial spores in a liquid suspension using 
the spread plate procedure to count colony-forming units (CFU) 
 
 
Materials: 
 
Liquid suspension of bacterial spores  
Sterile centrifuge tubes 
Diluent (sterile deionized water, buffered peptone water or phosphate buffered saline) 
Trypticase Soy Agar plates 
Microliter pipettes with sterile tips 
Sterile beads placed inside a test tube (will be used for spreading samples on the agar surface) 
Vortex mixer 
 
Procedure: (This protocol is designed for 10-fold dilutions.) 
1- For each bacterial spore suspension to be tested, label microcentrifuge tubes as follows: 10-1, 10-
2, 10-3, 10-4, 10-5, 10-6... (The number of dilution tubes will vary depending on the concentration of 
spores in the suspension.   Aseptically, add 900 uL of sterile diluent to each of the tubes. 
 
2- Label three Trypticase Soy agar plates for each dilution that will be plated.  These dilutions will 
be plated in triplicate. 
 
3- Mix original spore suspension by vortexing thoroughly for 30 seconds.  Immediately after the 
cessation of vortexing, transfer 100 µL of the stock suspension to the 10-1 tube.  Mix the 10-1 tube 
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by vortexing for 10 seconds, and immediately pipette 100 µL to the 10-2 tube.  Repeat this process 
until the final dilution is made.   It is imperative that used pipette tips be exchanged for a sterile tip 
each time a new dilution is started. 
 
4- To plate the dilutions, vortex the dilution to be plated 10 seconds, immediately pipette 100 µL of 
the dilution onto the surface of a TSA plate, taking care to dispense all of the liquid from the pipette 
tip.  If less than 10 seconds elapses between inoculation of all replicate plates, then the initial 
vortex mixing before the first replicate is sufficient for all replicates of the sample.  Use a new 
pipette tip for each set of replicate dilutions.     
 
5- Carefully pour the sterile glass beads onto the surface of the TSA plate with the sample and 
shake until the entire sample is distributed on the surface of the agar plate.  Aseptically remove the 
glass beads.  Repeat for all plates. 
 
6- Incubate the plates overnight at 32 °C – 37 °C (incubation conditions will vary depending on the 
organism’s optimum growth temperature and generation time.) 
 
7- Enumerate the colony forming units (CFU) on the agar plates by manually counting with the aid 
of a plate counting lamp and a marker (place a mark on the surface of the Petri dish over each CFU 
when counting, so that no CFU is counted twice).   
 
Since each dilution was tested in triplicate, determine the average of the triplicate plate 
abundances.  Plates suitable for counting must contain between 30 - 300 colonies. 
 
  
 Calculations 
 
 Total abundance of spores (CFU) within extract: 
 
 (Avg CFU / volume (mL) plated) X (1 / tube dilution factor) X extract volume 
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 For example: 
  
 Tube Dilution    Volume plated  Replicate  CFU 
 10-3    100 µL  (0.1 mL)      1    150 
 10-3              100 µL  (0.1 mL)           2    250 
 10-3              100 µL  (0.1 mL)           3    200 
  
 Extract total volume = 20 mL 
 
 (200 CFU / 0.1 mL)  X  (1/10-3)  X  20 mL =   
           (2000)           X  (1000)   X   20      =     4.0 X 107 
 
Note:  The volume plated (mL) and tube dilution can be multiplied to yield a ‘decimal factor’ (DF).  DF can 
be used in the following manner to simplify the abundance calculation. 
Spore Abundance per mL    =    (Avg CFU)   X     (1 / DF)    X     extract volume  
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MOP-6562 
 
TITLE: PREPARING PRE-MEASURED TUBES WITH ALIQUOTED AMOUNTS OF 
PHOSPHATE BUFFERED SALINE WITH TWEEN® 20 (PBST) 
 
SCOPE: This MOP provides the procedure for preparing PBST. 
PURPOSE: This procedure will ensure that that the PBST is prepared correctly and that all measured 
tubes are filled aseptically. 
 
1.0 PREPARING STERILE PHOSPHATE BUFFERED SALINE WITH TWEEN® 20 (PBST) 
 
Phosphate Buffered Saline with Tween® 20 (PBST) is prepared 1 L at a time in a 1 L flask. 
 
1. Add 1 packet of SIGMA Phosphate Buffered Saline with Tween® 20 (P-3563) to 1 L of deionized 
(DI) water. 
 
2. Shake vigorously to mix until dissolved. 
 
3. Label bottle as “non-sterile PBST” and include date and initials of person who made PBST. 
 
4. Filter sterilize into two 500 mL reagent bottles using 150 mL bottle top filter (w/ 33mm neck and .22 
µm cellulose acetate filter) for sterilization. Complete this procedure by pouring the liquid into the 
non-sterile PBST into the top portion of the filtration unit 150 mL at a time, while using the vacuum 
to suck the liquid through the filter.  Continue to do this until 500 mL have been sterilized into a 
500 mL bottle.  Change bottle top filter units between each and every 500 mL bottle.   
 
5. Change label to reflect that the PBST is now sterile.  Include initials and date of sterilization.  The 
label should now include information on when the PBST was initially made and when it was 
sterilized and by whom. 
 
6. Each batch of PBST should be used within 90 days. 
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2.0 PREPARING 20 ML/5 ML PBST TUBES FOR USE DURING EXPERIMENTATION 
 
Twenty (20) mL or five (5) mL of the prepared PBST will be added to each sterile 50-mL conical tube as 
detailed below.  Each flat of conical tubes contains 25 tubes, so one 500 mL sterile bottle of PBST should 
fill approximately one flat when 20 mL tubes are needed and four flats when 5 mL tubes are needed. 
 
1. Prepare the hood by wiping down with ethanol, followed by bleach, followed by DI water and a 
clean Kimwipe or Texwipe.  Then stock the hood with the following items if they are not already 
there: 
 - The flats of sterile conical tubes you need to fill with PBST. 
 - Sufficient bottles of sterile PBST to fill these tubes. 
 - Ample 25 mL serological pipettes (at least 3 per flat) for 20 mL transfers and 10 mL 
serological pipettes for the 5 mL transfers. 
 - Serological pipetter (automatic, hand-held pipette). 
 - Burner and striker. 
 
2. Light the burner and adjust the flame for a width adequate to flame the lips of the PBST bottles. 
 
3. Take one flat of sterile conical tubes and loosen each cap on the outside edges (about ½ turn).   
 
4. Open a serological pipette and insert into the serological pipetter, taking care to not touch the tip to 
any surface. 
 
5. Hold the pipetter with the first three fingers of your right (or dominant) hand.  With your left hand (or 
non-dominant hand), pick up a bottle of the PBST and use the bottom of your right hand to unscrew 
the lid.  Place the lid upside down on the benchtop and quickly flame the lip of the bottle.  Turn 
the bottle and repeat, taking care to thoroughly flame the lip without getting the glass so hot that it 
shatters. 
 
6. Inset the tip of the pipette into the bottle and fill to the 20 mL line.  Flame the bottle lip and place 
the bottle on the benchtop.   
 
 Note:  If the tip of the pipette touches the outside of the bottle or any other surface in the 
hood, consider it contaminated.  Discard the pipette and reload a new one. 
 
7. Quickly pick up one of the tubes that you have loosened the cap on, and use the bottom of your 
right hand to remove the cap. Completely discharge the entire pipette into the tube, taking care to 
not touch anything with the tip of the pipette.  Recap the tube and place back into the flat (the lid 
does not have to be tight – you will tighten the lids after you have completed filling the 10 outside 
tubes). 
 
Note:  If the tip touches the outside or rim of the tube (or any other surface in the hood), consider 
the tube and pipette contaminated.  Discard both the tube and the pipette. 
 
8. Pick up the PBST bottle and flame the lip. Repeat Steps 6 and 7 until all 10 of the tubes on the 
outside of the flat have been filled.  Flame the lip of the PBST bottle and replace the cap.  Slide 
the used pipette back into the plastic sleeve and put to the side of the hood for disposal.  Then 
tighten the lid of each tube you just filled.  But rather than placing it back into its original spot in the 
flat, switch it for the empty tube from the next row.  When this has been completed, go around the 
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outside of the flat again and loosen the lids of these 10 tubes. Repeat steps 4 through 7 to fill and 
cap these tubes. 
 
9.  This same procedure is used to fill the middle row of tubes from the flat, and if more than one flat 
of tubes is being filled, can be done at the same time as the outside rows of a second flat.  
 
10. When all tubes have been filled, label each flat as follows, and place on the shelf in room E390B: 
 
 “PBST Tubes (20 ml or 5 ml)” 
 Date prepared 
 Your initials 
 
11. These tubes should be made at least 14 days before they need to be used so that they can be 
verified as sterile. Any tubes that are cloudy or that have any floating matter/turbidity should be 
discarded.  The tubes are stable for and should be used within 90 days. 
 
3.0 CLEANUP FOR 20 ML/5 ML PBST TUBES 
 
1. Dispose of the used pipettes in the nonregulated waste. 
 
2. Plug in the serological pipetter so that it can recharge. 
 
3. Replace any unused PBST in the liquid containment on the shelf.  Make sure that the bottle is 
labeled as having been opened (date opened and initials of whomever used it). 
 
4. Turn off the burner. 
 
5. Wipe down the hood benchtop with ethanol, followed by bleach, followed by DI water and a clean 
Kimwipe or TexWipe. 
 
4.0 PREPARING 900 µL PBST TUBES FOR USE DURING EXPERIMENTATION 
 
1.  Prepare the hood by wiping down with ethanol, followed by bleach, followed by DI water and a 
clean Kimwipe or Texwipe.  Then stock the hood with the following items if they are not already there: 
 - A sterile beaker of microcentrifuge tubes. 
 - Sufficient tubes of sterile PBST to fill these tubes (PBST may be aseptically transferred to 
50 mL conical tubes for an easier aseptic transfer to the microcentrifuge tubes- it is easier than working 
from a 500 mL reagent bottle.  Make certain that these 50 mL conical tubes are labeled to when the 
PBST was made, sterilized, etc.). 
 
 - 1000 µL micropipette. - 1000 µL sterile pipette tips 
 - Microcentrifuge tube racks.   
 - Labeled beaker or waste container used to hold non-regulated waste, such as tips, under 
the hood. 
 
2. Carefully remove the microcentrifuge tubes one at a time from the beaker and close the top on each 
one before placing it in the tube rack.  Place the tubes in the rack skipping every other row.  Fill 
up two racks doing this. 
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3. Add 900 µL of PBST to the microcentrifuge tubes by aseptically transferring the PBST from the 
sterile 50 mL conical tube containing the PBST.  Do this by using the 1000 µL micropitte and tips.  
Change tips whenever after two rows of tubes are completed or whenever a contamination event 
(such as touching the outside of the 50 mL tube or the microcentrifuge tube) occurs.  Put the dirty 
tips in the beaker or container used to contain waste (tips, tubes) in the hood.  If any 900 µL tubes 
are contaminated during the transfer, dispose of them in the waste container used to hold tips 
under the hood. If a new box of tips has to be opened, make certain the date it was opened and 
initials of the person who opened it are clearly labeled on the box.   
 
4. After both racks are full, carefully move all the tubes from one rack to fill in the empty rows on the 
other rack.  In this manner, one rack should be completely filled with tubes at this point. 
 
5. Label the rack of tubes as “Sterile 900 µL PBST Tubes”, along with the name of the person who 
completed the transfer, along with the date.  Also, include the date that the original stock of PBST 
was made and the date it was sterilized, along with the initials of the person who completed those 
steps.   
 
5.0   CLEANUP FOR 900 µL PBST TUBES  
 
1. Dispose of the waste that was put in the labeled beaker or waste container (micropipette tips and 
tubes) in the nonregulated waste. Then, place this beaker in the “To be decontaminated via 
sterilization- contaminated glassware” bin or if it is a disposable container, then it can be put in the 
non-regulated waste container. 
 
2. Put the unused sterile tips and the micropipetter back in its original location. 
 
3. Replace any unused 50 mL conicals of PBST in the liquid containment on the shelf.  Make sure 
that the tube is labeled as having been opened (date opened and initials of whomever used it).  If 
the tube could possibly be contaminated in any way, dispose of it in non-regulated waste. 
 
4. Wipe down the hood benchtop with ethanol, followed by bleach, followed by DI water and a clean 
Kimwipe or TexWipe.   
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Title:   FILTRATION AND PLATING OF BACTERIA FROM LIQUID EXTRACTS  
 
Scope:  This MOP outlines the procedure for filtration and subsequent cultivation of bacterial spores 
from a liquid extract.   
Purpose:  This method is deployed when results from spread-plate methods yield less than 30 colony-
forming units (CFU) per plate. This method allows a lower limit of detection for bacterial 
recovery/survivorship assays. This method can also be used to analyze liquid samples 
such as decontamination rinsates.  
 
Materials: Petri dishes with appropriate agar 
  0.2 µm pore-size disposable analytical filter units (2-3 per sample) 
  P1000 pipette and sterile tips 
  Sterile forceps 
  Pipetman and sterile serological pipettes  
 
 
Procedure: 
 
1- For each liquid sample to be analyzed, gather the required number of disposable analytical filter 
units and Petri dishes containing the desired sterilized/QC’d media.   
 
(Note: for analysis of 5 to 30 mL extracts, 1 mL and remainder should be filtered; for  31 to 200 mL 
samples, 1 mL, 10 mL, and remainder should be filtered; for samples over 200 mL, more filter 
samples may be needed)  
 
(Note #2: For previously plated samples where 10 – 19 CFU were observed, replating using a 400 
µL inoculum, and plates where 20 – 29 CFU were observed, replating using a 200 µL inoculum can 
be executed rather than filter plating. For inocula greater than 200 µL, a sterile spreader should be 
used rather than the bead method). 
 
2- Label plates. 
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3- Vortex liquid extract vigorously for 2 minutes, using 10 second bursts. (For larger volume samples, 
a vigorous mixing by shaking of the sample container can be substituted for vortex mixing) 
 
4- Using a P1000, sterile tip, and aseptic techniques, immediately following vortexing, pipette 1 mL of 
the extract into one of the filter units. 
 
5- Apply vacuum to the filter unit to pull the liquid through the filter and collect the spores on the 
surface of the filter. 
 
6- Using a sterile serological pipette, rinse the filter unit by pipetting 10 mL of sterile deionized water 
along the inner sides of the unit while it is under vacuum. 
 
7- Aseptically remove the filter from the filter apparatus using sterile forceps and lay the filter onto the 
agar surface within the Petri dish (spore side up). 
 
8- Vortex the liquid extract vigorously for 10 seconds. 
 
9- Use the appropriate volume serological pipette to transfer the remaining aliquots into their 
respective filtration units (one at a time).  
 
10- Repeat steps 5 through 7 taking time to vortex or mix the sample 10 seconds immediately before 
removing an aliquot. 
 
Important: Be sure to note and record the volume of the “remainder” sample. 
 
11-  Incubate all plates at the optimal growth temperature for the organism used for 16 – 28 hours.   
 
12-  Enumerate and record the number of CFU on each plate. 
 
Data Calculations 
 
Utilize the following equation to determine the total abundance of recovered spores: 
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filtered
Extract
V
VCFUN ×=  
   
where N is the total number of spores recovered in the extract, CFU is the abundance of colonies 
on the agar plate, VExtract is the total volume of the extract (before any aliquots were removed), 
VFiltered is the volume of the extract filtered. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
MOP 6567                   
Title:   RECOVERY OF BACILLUS SPORES FROM WIPE SAMPLES  
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Scope:  This MOP outlines the procedure for recovering Bacillus spores from wipe samples 
Purpose:  To aseptically extract and quantify Bacillus spores from wipe samples in order to determine 
viability and obtain quantifiable data. 
 
1.0 MATERIALS 
• PPE (gloves, laboratory coat, safety goggles) 
• Biological Safety Cabinet (Class II) 
• pH-Amended bleach  
• Deionized water 
• 70% Solution of denatured ethanol 
• Kimwipes 
• Dispatch® bleach wipes 
• Non-regulated waste container 
• 50 mL sterile conical tubes containing 20 mL of sterile phosphate buffered saline with Tween® 20 
solution (PBST) (MOP 6562) 
• Vortex mixer 
• Cart 
• Wire or foam rack for 50 mL conical tubes 
• Tryptic soy agar plates  
• 900 uL tubes of sterile PBST 
• Pipettor and pipette tips for dilutions 
• Incubator set to appropriate growth temperature for target organism (35 °C or 55 °C) 
• Light box for counting colonies 
• Laboratory notebook 
• QAPP for project that is utilizing the wipe samples 
 
2.0 PROCEDURE  
1. Begin by donning PPE (gloves, laboratory coat, and protective eyewear). 
 
2. Obtain wipe samples that may contain Bacillus spores.  Wipe samples should be received as one 
wipe/sponge in a sterile 50 mL conical tube delivered in secondary containment.  Make certain that all 
of the samples are labeled.  Review any chain of custody forms that may accompany the samples to 
ensure that all of the labels are consistent and that there is no notable variation in the samples.  If 
variation has occurred, make a note of it in the notebook.   
 
3. Clean the workspace (biological safety cabinet) by wiping surfaces with pH-amended bleach, next with 
deionized water, and lastly with a 70-90 % solution of denatured ethanol.  Wipe with a Kimwipe to 
remove any excess liquid.  Make sure the workspace is clean and free of debris.  Gather all 
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necessary items to perform the task, place these items on a clean cart beside the biological safety 
cabinet, within arm’s reach so that once the procedure has begun, the task may be performed without 
interruptions.     
 
4. Discard gloves and replace with fresh pair. 
 
5. One at a time, under the biological safety cabinet, remove the sample tube containing the wipe sample 
from the secondary containment bag in which it arrived.  Using the Dispatch® bleach wipes, wipe each 
sample tube with one wipe, and then wipe it with a clean Kimwipe.  Discard the used bleach wipe and 
the used Kimwipe in the secondary containment bag and place them in the non-regulated waste 
container.  Remove gloves and don a fresh pair of gloves.  Repeat this procedure for every sample.  
After each sample has been cleaned, place the tubes containing the wipe samples in an appropriate-
sized wire or foam rack to hold the tubes in an upright vertical position.   
 
6. Leaving the tubes in the rack underneath the biological safety cabinet, aseptically add 20 mL of PBST 
solution (this should be in a pre-measured, sterile conical tube, per MOP 6562) to each sample tube 
containing a wipe, one a time. Remove the rack containing wipe samples from the hood when all 
samples have had the PBST added. Place the rack with the samples on the cart. 
 
7. Using the procedure to clean the biological safety cabinet, as found in Step 3, clean the biological safety 
cabinet again. Afterwards don a fresh pair of gloves. 
 
8. Using a vortex mixer, agitate the wipe samples, four at a time, in a biological safety cabinet, for ten 
second bursts for two minutes total.  Make certain to clean the biological safety cabinet after each set 
of four samples and change gloves between each set of samples.     
 
 
Note: The reason that four samples are done at one time is to limit the time between agitation 
and plating.  The samples need to be processed immediately after agitation, and agitation of 
more than four samples at a time leaves too much time between agitation and spread plating. 
9. Using tryptic soy agar media plates that are appropriately labeled with the sample number, dilution set 
and date, complete dilution plating for the wipe samples immediately after the two-minute agitation step 
is completed.  The samples should also be agitated again for ten seconds directly prior to removing an 
aliquot from the sample tube. Each dilution tube should also be agitated for ten seconds prior to removal 
of aliquots.  Dilutions should be completed using the techniques and methodology as described in 
MOP 6535a, and the 900 uL tubes should be made with sterile PBST to stay consistent with 
materials/solutions.  Plating in this manner should be repeated for all samples, with any changes in 
protocol noted in the laboratory notebook.  
 
10. Once the dilution plating has been completed, the plates are to be placed in an incubator.  For non-
thermophilic Bacillus species, the plates should be placed at 35 °C ± 2 °C for 12-24 hours.  For 
thermophilc Bacillus species, such as Geobacillus stearothermophilis, the plates should be incubated at 
55 °C ± 2°C for 12-24 hours. The target Bacillus organism that will be used for the wipe samples will be 
specific to the project and noted in the QAPP. 
 
11.   After the plates have incubated for a sufficient amount of time (12-24 hours) and the growth from any 
Bacillus colonies is quantifiable, the colonies should be manually counted using the light box and the 
data should be properly recorded as dictated per project by the QAPP.  All results will be checked for 
quality assurance and all data will be reported to the proper personnel as listed in the QAPP. 
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MOP 6568                   
 
Title:   ASEPTIC ASSEMBLY OF WIPE KITS  
Scope:   This MOP outlines the procedure for the aseptic assembly of wipe kits. 
Purpose:  To aseptically assemble kits that will be used to collect wipe samples from which 
quantifiable data will be derived. 
 
1.0 MATERIALS 
 
• PPE (gloves, laboratory coat, safety goggles) 
• Biological Safety Cabinet (Class II) 
• pH-Adjusted bleach  
• Deionized water 
• 70% Solution of denatured ethanol 
• Kimwipes 
• Sterile, sealed Twirl-em® bags in two sizes, 10”x15” and 5.5”x9” 
• Sterile Kendall 4-ply all-purpose sponges 
• Sterile, disposable thumb forceps 
• 50 mL conical tubes containing 5 mL PBST tubes (MOP 6562) 
• Sharpie 
• Wire or foam rack for 50 mL conical tubes 
• Secondary containment such as a large Tupperware bin 
• Laboratory notebook 
• QAPP for project that is utilizing the wipe samples 
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2.0 PROCEDURE  
2.1 Preparation for Wipe Kit Assembly  
Prior to wipe kit assembly, 50 mL sterile conical tubes containing 5 mL of sterile PBST and a sterile 2-ply 
sponge must be put together.  They are assembled in the following manner: 
1. Begin by donning PPE (gloves, laboratory coat, and protective eyewear). 
 
2. Clean the workspace and biological safety cabinet by wiping surfaces with pH-adjusted bleach, followed 
by deionized water, and then with a 70% solution of denatured ethanol.  Wipe the surfaces with a 
Kimwipe to remove any excess liquid.  Make sure the workspace is clean and free of debris.  Gather 
all necessary items to perform the task, place these items on a clean cart beside the biological safety 
cabinet, within arm’s reach so that once the procedure has begun, the task may be performed without 
interruptions. 
 
3. Discard gloves and replace with fresh pair. 
 
4. Place the sterile 50 mL conical tubes containing 5 mL PBST tubes under the biological safety cabinet in 
a foam or wire rack designed to hold 50 mL conical tubes. Using two sterile, disposable thumb forceps, 
aseptically transfer one half of a 4-ply sterile all-purpose sponge to each of the tubes.  Complete the 
transfer by using the two forceps together to first separate the 4-ply sponge in half to create two 2-ply 
sponges. Then remove a cap from one of the tubes, carefully fold one of the 2-ply sponges using the 
forceps together and aseptically place it in the opening of the tube so that it sits at the top portion of the 
tube, while the 5 mL of PBST remains at the bottom of the tube. Replace the cap on the tube. Repeat 
this process until all of the tubes have sponges in them. Once all of the tubes contain sterile sponges, 
then label the tube rack appropriately with the action completed, the date and your initials and place the 
tubes on the shelf. These tubes are shelf-stable for up to three months.  
 
2.2 Assembly of Wipe Kits 
Wipe kits are assembled in the following manner: 
1. No more than 48 hours prior to testing or collecting samples, assemble the wipe kits. Wipe kits can be 
assembled outside the biological safety cabinet, in a dry, clean area. Make certain to use proper PPE, 
including gloves, while handling all wipe kit materials. Gather all materials to assemble the kits before 
assembly. These materials include:  
 
 -   50 mL conical tubes containing both a sterile wipe sponge and 5 mL PBST   
 -   Twirl-em® bags in two sizes, 10”x15” and 5.5”x 9” 
 -   Sharpie 
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 -   Vortex mixer 
2. Obtain a copy of the labeling scheme for the samples.  This scheme may be detailed in the QAPP.  
For each wipe kit, use a Sharpie and label a large 10” x 15” Twirl-em® bag and a 50 mL conical tube 
containing the sponge and PBST. 
 
3. Once all of the tubes are labeled, use the vortex mixer on the highest setting to agitate the tube.  This 
will mix the sponge, which was placed at the top of the tube, with the 5 mL of PBST.   
 
4. Open the labeled, 10” x 15” Twirl-em® bags one at a time.  Place the labeled, agitated tubes in the 10” 
x 15” Twirl-em® bags that have the corresponding label (that matches the tube).  Add a non-labeled, 
sealed 5.5” x 9” Twirl-em® bag into the 10”x 15” Twirl-em® bag, along with the tube containing the wipe 
sponge to complete the wipe kit assembly.  Record the time and date on which the wipe kits were 
assembled in the laboratory notebook; include the labeling schematic for the wipe kits. 
 
5. Place the assembled wipe kits into a secondary containment, such as a large Tupperware bin.  Use 
within 48 hours.  When moving the kits to a sampling location, always have them in secondary 
containment.   
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BL MOP NO. 6570             July 2010 
Title: Use of STERIS Amsco Century SV 120 Scientific Prevacuum Sterilizer 
Scope: Basic instructions for use of the autoclave 
Purpose: To outline proper use of the autoclave, using preprogrammed cycles, to effectively sterilize 
media, supplies, or waste. 
 
 
Materials 
Amsco Century SV 120 Scientific Prevacuum Sterilizer 
Items to be sterilized (liquids, solids, waste, etc) 
Pouches to contain materials to be sterilized and maintain that state until later use 
Aluminum foil Autoclave Indicator Tape 
Sterilization Verification Ampoules 
Thermally resistant gloves or tongs 
Deionized (DI) water 
 
Procedure: 
Basic start up: 
1. Turn on the autoclave. The power switch is located behind the door in the top right corner.  The 
digital touch screen on the front of the unit will power up and indicate that a memory test is in 
progress. 
2. After the memory test is complete, the device will request that it be flushed. This flushing should be 
conducted daily to minimize scaling inside the boiler. The flush valve is located on the bottom left of 
the device (yellow handle). Actuate the valve to the open position and then press the “Start Timer” 
button on the touch screen. The flush will run for 5 minutes and will alert at completion with a single 
chime. 
3. Once the flush is complete, close the flush valve and press the “Continue” button on the touch 
screen. The screen should then return to its default menu which has two choices “Cycle Menu” and 
“Options” 
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Basic Operation: 
1. Prepare any items that need to be sterilized. The items must be carefully wrapped or sealed in 
sterilization pouches in order to maintain sterility when removed from the autoclave. Examples of 
this wrap or seal include:  wrapping any orifices with aluminum foil, placing whole items in 
autoclave pouches, loosely applying a cap on a bottle (to allow for the pressure changes inside).  
2. Once prepared, each item should be outfitted with a sterility indicator. This indicator can be 
completed by applying a small piece of autoclave indicator tape to an item or by utilizing an 
autoclave pouch with a built-in sterility indicator strip. These indicators provide a visual verification 
that the sterilizing temperature (121 °C) was reached. 
3. To add items to the autoclave, open the autoclave door by pressing down on the foot pedal on the 
bottom right corner on the front of the device. 
4. Place items that need to be sterilized into the autoclave, adding or moving racks to accommodate 
the load. If liquids are being autoclaved, then they must have secondary containment (usually a 
large plastic autoclave-safe tray) to contain any fluids in the event of a leak, spill or boil-over. 
5. Once the autoclave is loaded, press the foot pedal to close the autoclave door.  
6. Once the door is sealed, a menu of the cycles can be seen by pressing the button on the touch 
screen labeled “Cycle Menu”. Then choose the appropriate cycle by touching the corresponding 
button. If the cycle chosen is the one desired for the sterilization process, press the “Start Cycle” 
button. Otherwise, press “Back” to return to the prior menu screen.   
7. After the cycle has started, the type of cycle, the number of the cycle, the items placed in the 
autoclave during the cycle, the time, whether or not a QC ampoule was included in the load, and 
the initials of the person starting the cycle must be recorded in the autoclave log book, located in 
the drawer across form the unit labeled “Autoclave Supplies.” 
8. QC ampoules, usually Raven Prospore Ampoules with Geobacillus stearothermophilus, are added 
to one cycle each day to ensure that the autoclave is functioning properly. These ampoules are 
used according to manufacturer’s instructions. 
9. Upon completion of a cycle, the autoclave will alarm with a repeating beep for approximately one 
minute. Any time after this alarm starts, it is safe to open the main door (take caution because the 
steam escaping the chamber will be very hot when the door is opened). The contents of the 
autoclave will be very hot; thermal protection for the hands is therefore required to remove the items 
(thermally resistant cloth gloves or tongs). 
10. Place the contents of the autoclave in an appropriate place to cool and close the autoclave door 
using the foot pedal. 
 
Cycles: 
Gravity Cycles: 
Gravity cycles are used to sterilize glassware and other utensils which are not submerged in nor contain any 
volume of liquid. These cycles are typically used for “dry” materials. 
Currently there are two different gravity cycles programmed for daily operations: a 1-hour cycle and a 30-
minute cycle. The time that the chamber is held at the sterilization temperature (121 °C) is the only 
difference between these two cycles. The different sterilization times allow for the compensation of the 
various sizes of materials and more resilient organisms. The 30-minute cycle is primarily used for a small 
quantity of material. The 1-hour cycle is used for large loads or items containing a large amount of 
contamination. The 1-hour cycle is recommended for inactivation of gram positive spore-forming bacteria.   
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Liquid Cycles: 
Liquid cycles are used to sterilize a variety of liquids and solutions. The solutions are typically mixed prior to 
sterilization. It is important to have secondary containment to contain any fluids in the event of a leak, spill or 
boil-over. The 30-minute liquid cycle is used to sterilize small volumes of liquid (usually less than 2 L total). 
When attempting to sterilize any volume larger than 2 L, the 1-hour liquid cycle should be used to ensure 
complete sterilization. The 1-hour liquid cycle is the preferential cycle used as the destruction cycle for 
waste. In the event of materials (liquid or otherwise) being contaminated/exposed to microorganisms, the 1-
hour liquid cycle will be used as the initial means of decontamination. When completing a decontamination 
cycle, if there is no liquid inside a container, then deionized water must be added to the container or the item 
must be submerged prior to the start of the cycle. Only items that are being decontaminated can go in 
destruction cycles. Decontamination cycles cannot be mixed with sterilization cycles.   
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MOP 6571                   
Title:   RECOVERY OF BACILLUS SPORES FROM VIA-CELL® AEROSOL SAMPLING 
CASSETTES  
 
Scope:  This MOP outlines the procedure for recovering Bacillus spores from Via-Cell® aerosol 
sampling cassettes  
Purpose:  To aseptically extract and quantify Bacillus spores from Via-Cell® samples in order to 
determine viability and obtain quantifiable data. 
 
MATERIALS 
• Via-Cell® Bioaerosol Sampling Cassettes (Zefon International, Ocala, FL, Part# VIA010) 
• PPE (gloves, laboratory coat, safety goggles) 
• Biological Safety Cabinet (Class II) 
• pH-Amended bleach  
• Deionized water 
• 70% Solution of denatured ethanol 
• Kimwipes 
• Dispatch® bleach wipes 
• Non-regulated waste container 
• 50 mL sterile conical tubes containing appropriate volume of buffer 
• Vortex mixer 
• Cart 
• Wire or foam rack for 50 mL conical tubes 
• Sterile blade 
• Sterile, disposable forceps 
• Tryptic soy agar plates  
• 900 µL tubes of sterile PBST 
• Pipettor and pipette tips for dilutions 
• Incubator set to appropriate growth temperature for target organism (35 °C or 55 °C) 
• Light box for counting colonies 
• Laboratory notebook 
• QAPP for project that is utilizing the wipe samples 
 
PROCEDURE  
1. Begin by donning fresh PPE (gloves, laboratory coat, and protective eyewear). 
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2. Obtain Via-Cell® samples that may contain Bacillus spores. Via-Cell® samples should be received as 
one Via-Cell® cassette delivered in secondary containment. Make certain that all of the samples are 
labeled. Review any chain of custody forms that may accompany the samples to ensure that all of the 
labels are consistent and that there is no notable variation in the samples. If variation has occurred, 
make a note of it in the notebook.   
 
3. Clean the workspace (biological safety cabinet) by wiping surfaces with pH-amended bleach, next with 
deionized water, and lastly with a 70-90 % solution of denatured ethanol. Wipe with a Kimwipe to 
remove any excess liquid. Make sure the workspace is clean and free of debris. Gather all necessary 
items to perform the task, place these items on a clean cart beside the biological safety cabinet, within 
arm’s reach so that once the procedure has begun, the task may be performed without interruptions.     
 
4. Discard gloves and replace with fresh pair. 
 
5. One at a time, under the biological safety cabinet, remove the sample cassette. Using a sterile blade, 
cut through the tape around the outside of the cassette. Twist apart the cassette and discard the top 
portion not containing the sample slide (portion of the cassette where the sample is collected).  Using 
sterile, disposable forceps, remove the slide and place into the appropriate amount of buffer solution. 
Repeat this procedure for every sample.   
 
6. Using the procedure to clean the biological safety cabinet, as found in Step 3, clean the biological safety 
cabinet again. Afterwards don a fresh pair of gloves. 
 
7. Using a vortex mixer, agitate the Via-Cell® samples, four at a time, in a biological safety cabinet, for ten 
second bursts for two minutes total.  Make certain to clean the biological safety cabinet after each set 
of four samples and change gloves between each set of samples.     
 
Note: The reason that four samples are done at one time is to limit the time between agitation 
and plating. The samples need to be processed immediately after agitation, and agitation of 
more than four samples at a time results in excessive lag-time between agitation and plating. 
8. Using tryptic soy agar (or other appropriate growth media) media plates that are appropriately labeled 
with the sample number, dilution set and date; conduct dilution plating for the Via-Cell® samples 
immediately after the two-minute agitation step is completed.-The samples should also be agitated 
again for ten seconds directly prior to removing an aliquot from the sample tube. Each dilution tube 
should also be agitated for ten seconds prior to removal of aliquots. Dilutions should be completed using 
the techniques and methodology as described in MOP 6535a, and the 900 µL tubes should be made 
with the appropriate buffer to stay consistent with materials/solutions. Plating in this manner should be 
repeated for all samples, with any changes in protocol noted in the lab notebook.  
 
9. Once the dilution plating has been completed, the plates are to be placed in an incubator.  For non-
thermophilic Bacillus species, the plates should be placed at 35 °C ± 2 °C for 18-24 hours.  For 
thermophilc Bacillus species, such as Geobacillus stearothermophilis, the plates should be incubated at 
55 °C ± 2 °C for 18-24 hours. The target Bacillus organism that will be used for the wipe samples will be 
specific to the project and noted in the QAPP. 
 
10. After the plates have incubated for a sufficient amount of time (18-24 hours) and the growth from any 
Bacillus colonies is quantifiable, the colonies should be manually counted using the light box and the 
data should be properly recorded as dictated per project by the QAPP. All results will be checked for 
quality assurance and all data will be reported to the proper personnel as outlined in the QAPP. 
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Appendix D: Spore Deposition and Handling Procedures 
The handling of the contaminated coupons for Task I, including movement to minimize or control spore 
dispersal, was done in accordance with the MOP 6561 (a proprietary method unable to be disclosed at the 
time of writing this report). One person was tasked with removing the clamps holding the dosing chamber to 
the coupon and the removal of the dosing chamber and gasket from the coupon. A second person was then 
tasked with moving the coupon to the proper location (e.g., test and positive control coupons to the Test 
Coupon Cabinet and blank coupons to the Blank Coupon Cabinet).  
For Task II, two personnel were used to move the 101.6 cm by 101.6 cm (40 in by 40 in) coupons into their 
vertical positions in COMMANDER following removal of the deposition devices. This was the only time the 
coupons were handled, and this handling occurred a minimum of two days prior to sampling.   
For Task I, the Test Coupon Cabinet was a steel cabinet (48 in wide by 24 in deep by 78 in high) with twelve 
shelves each 6 in apart. Each cabinet held a total of 36 coupons, so two Test Coupon Cabinets were 
needed for a test. These cabinets were labeled as Test Coupon Cabinet 1 and Test Coupon Cabinet 2. Test 
and positive control coupons were arranged in each cabinet according to material types. A single material 
type was not split among cabinets. Procedural blank coupons of each material/orientation to be used in a 
single test were contained in a separate isolated cabinet (Blank Coupon Cabinet) of similar construction, 
however, with dimensions of 48 in wide by 24 in deep by 36 in high with 3 shelves. 
Each MDI was claimed to provide 200 discharges. The number of discharges per MDI was tracked so that 
use did not exceed this value. Additionally, in accordance with MOP 6561 (a proprietary method), the weight 
of each MDI was recorded after completion of the contamination of each coupon. If an MDI weighed less 
than 10.5 g at the start of the contamination procedure, the MDI was retired and a new MDI used. For 
quality control of the MDIs, a contamination control coupon was run as the first, middle, and last coupon 
contaminated with a single MDI in a single test. The contamination control coupon was a stainless steel 
coupon (1.2 ft by 1.2 ft) that was contaminated, sampled, and analyzed.  
A log was maintained for each set of coupons that were dosed via the method of MOP 6561 (a proprietary 
method). Each record in this log recorded a unique coupon identifier (see Table D-1), the MDI unique 
identifier, the date, the operator, the weight of the MDI before dissemination into the coupon-dosing device, 
the weight of the MDI after dissemination, and the difference between these two weights. The coupon codes 
were pre-printed on the log sheet prior to the start of coupon contamination (dosing). 
Additionally, after a coupon was dosed via the above procedure, the coupon was labeled with the unique 
identifier using the coding outlined in Table D-1. The label was printed on the side of the coupon using a 
permanent marker (e.g., black or silver Sharpie®). The sampling team maintained an explicit laboratory log 
which included records of each unique sample number and its associated test number, contamination 
application, any preconditioning and treatment specifics, and the date treated. Each coupon was marked 
with only the material descriptor and unique code number. Once the coupons were transferred to the 
APPCD Microbiology Laboratory for plate counts, each sample was additionally identified by replicate 
number and dilution. 
  
 79 
Table D-1. Coupon Sample Coding  
Coupon Identification:  T-S-M-NN 
 Code  
T/C 
(Test Number) 
1 – 10 
Test Number preceded by T for Task 1 (Table 2-1) 
and preceded by C for tests in Task 2 (Table 2-1)  
S 
(Sample Type) 
P Positive control wipe sample 
T Test wipe sample 
PX Procedural blank 
FX Field Blank 
LX Laboratory Blank 
R Rinsate 
V Aerosol sample 
S Swab sample 
M 
(Material) 
CV Concrete (vertical orientation) 
TW Pressure Treated Wood (vertical orientation) 
SS Stainless Steel 
DI DI Water 
XX Blank 
NN 
(Sample number) 
## Replicate number or sample area number 
APPCD Microbiology Laboratory Plate Identification:  T-S-M-NN-R-D 
T-S-M-NN     As above 
Replicate R   A – C 
Dilution D   1 x 10
0 - 1 x 104 
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Appendix E: Contamination Prevention and Quality Control Measures 
Coupon Storage Cabinets 
On the decontamination procedure test day, the procedural blank, test, and positive control coupons have 
been placed into the appropriate cabinets. A total of three cabinets were used to contain the coupons prior 
to decontamination (one for the procedural blanks and two containing the contaminated (positive controls 
and test) coupons). One additional cabinet was used to store test coupons for drying after the 
decontamination procedure had been applied. The cabinets with their intended purpose are listed in Table 
E-1.  
Table E-1. Coupon Storage Cabinets 
Cabinet Name  Description 
Test Coupon Cabinet #1 
Test Coupon Cabinet #2 
For storage of contaminated coupons (both positive control and 
test coupons); each cabinet can hold 36 coupons, so two 
cabinets will be needed for all tests 
Procedural Blank Cabinet 
For storage of procedural blank coupons; the cabinet will be 
under slight positive pressure in order to prevent contamination 
from the test environment (i.e., laboratory) and allow passive air 
flow to promote drying. 
Decontaminated Coupon Cabinet 
For storage of all test coupons after application of the 
decontamination procedure; the cabinet will be under slight 
positive pressure in order to prevent contamination from the 
test environment (i.e., laboratory) and allow passive air flow to 
promote drying.  
 
Material and Equipment 
The material and equipment used for the decontamination procedure were standardized as much as 
possible and are listed in Table E-2. Decontamination steps are described in the subsequent sections of this 
Appendix.  
Table E-2. Material and Equipment Used in the Decontamination Procedural Steps 
Material/Equipment  Description 
Pressure Washer John Deere 3300 psi, 3.2 gallon per minute, Model 020382 
Pressure Washer Troy Bilt 2550 psi, 2.3 gallon per minute Model 020337 
Chemical Sprayer UDOR USA, Model# PP-UAG1003HU-K  
300 PSI @ Max of 10.5 GPM  
AG Spray Gun 
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Material/Equipment  Description 
Backpack Sprayer (Total of 2 
units) 
SRS-600 Propack Rechargeable Electric Backpack Sprayer 
(SHURflo, Cypress, CA), 4 Gallon, 12 Volt 
http://legacy.shurflo.com/pdf/industry/general/911/911-624.pdf 
Bleach Ultra Clorox® Regular Bleach (EPA Reg. No. 67619-8) 
(http://www.clorox.com/products/overview.php?prod_id=clb) 
6.15% sodium hypochlorite; <1% sodium hydroxide 
(http://www.thecloroxcompany.com/products/msds/ 
bleach/cloroxregularbleach0505_.pdf) 
Vinegar 5% v/v technical grade acetic acid 
Container for mixing pH-adjusted 
bleach solution 
5 gallon plastic carboy 
Spor-Klenz® STERIS Spor-Klenz® Ready-To-Use (EPA Reg. No. 1043-119) 
Peracetic acid /Hydrogen Peroxide liquid decontaminant 
http://www.steris.com/products/view.cfm?id=253 
Nozzle Standard Adjustable-Flow Garden Hose Nozzle, Standard Brass, 4" 
Length, McMaster-Carr, P/N 7484T1 
Garden hose 75 ft.; 5/8 in diameter 
Pressure regulator Bronze Pressure Regulator-Plumbing-Code Rated Standard, 3/4" 
NPT Female, 25-75 PS 
Bucket of DI water  3 gallons in a 5-gallon plastic pail 
Carboy container (Total of 9) Carboys; Nalgene; Heavy Duty; polypropylene; Autoclavable; Leak 
proof. For full vacuum applications up to 8 Hours; USP class VI, 
vacuum rated for intermittent vacuum use only; 83B Closure size; 
capacity: 5.25 gal. (20 L) 
Pump NSF-Certified Rotary Vane Pump for Water with Motor, Brass, 4.3 
Max GPM, 3/4 Horsepower 
 
pH-Adjusted Bleach Solution 
The pH-adjusted bleach (pH-AB) solution was prepared by mixing 8 parts sterile distilled water with 1 part 
5% acetic acid, and 1 part Clorox® bleach. The pH was then adjusted to 6.5 – 7.0 by adding more vinegar, 
and FAC was adjusted to 6000 – 6700 ppm by diluting with water. The pH-AB solution was prepared just 
prior to the initiation of testing on a particular day and was used within a window of 3 hours from the time of 
preparation. After 3 hours, the bleach solution was discarded and a fresh pH-AB solution was prepared. 
However, a single preparation was used within a single coupon set. Additionally, technical grade acetic acid 
(5% v/v) was used instead of off-the-shelf white vinegar. This change was expected to reduce the variability 
in the pH-AB solution for the purpose of this study. 
The pH-AB solution was applied to each coupon using a backpack sprayer (Method 1) and with a chemical 
sprayer (Method 2) (see Table 2-1).   
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Spor-Klenz® Ready to Use (RTU) Solution 
Spor-Klenz® RTU is a broad spectrum disinfectant and sporicide that is registered with EPA under FIFRA 
(registration #1043-119). Spor-Klenz® is a mixture of 1.0% hydrogen peroxide, 0.08% peroxyacetic acid, 
and 98.92% inert proprietary ingredients. The Ready-to-Use (RTU) variety of Spor-Klenz® was used for this 
study, as opposed to the concentrate (registration #1043-120), to reduce the variation between experiments. 
Preparation of diluted Spor-Klenz® from the concentrate for each day of testing would introduce unwanted 
variation. Spor-Klenz® RTU requires no dilution prior to use. A new container of Spor-Klenz® RTU was used 
for each day of testing. Unused Spor-Klenz® RTU was discarded appropriately. Since Spor-Klenz® RTU is 
produced under manufacturer quality assurance criteria, only temperature was imposed as a critical 
measurement for this liquid (see Section 4). 
Spor-Klenz® has sterilant/sporicidal claims for nonporous surfaces when a 5.5 hour (20 °C) contact time is 
used. While this contact time far exceeds the planned contact times for this study, our test aims to evaluate 
technologies at conditions that are realistic of their use in homeland security-related remediation events. 
Maintaining a 5.5 hour contact time in an animal facility would likely be unrealistic for the amount of surface 
area needing to be decontaminated. Prior EPA research10 on post-anthrax incident carpet cleaning has 
suggested that Spor-Klenz® RTU can be effective at much shorter contact times, so a contact time of 30 
minutes was utilized.  
Backpack Sprayer Application of Decontaminant 
Prior to the start of testing, the spray pattern from the backpack sprayer was tested by spraying at the 
appropriate distance (1 ft) onto a piece of 1.2 ft by 1.2 ft blue construction paper mounted in the position of 
the test coupon. The spray was discharged into the center of the paper and the pattern was visually 
assessed for consistency with that shown in Figure E-1. The diameter of the spray was checked to ensure 
that the spray was within the acceptable limits (set at 16 in). 
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Figure E-1. Backpack Sprayer - Spray Pattern (diameter of spray = 16 in) from Tests 9 and 10 
For Task I, the spray wand from the backpack sprayer (SRS-600 Propack, SHURflo, Cypress, CA; see 
Figure E-2) was inserted into the center port on the chamber. For Task II, the spray wand was inserted 
between the curtains. From a distance of 1 ft, the coupons were sprayed to completely wet (or flood) the 
surface of the materials. Each set of three Task I coupons was sprayed twice for 30 seconds with pH-AB 
and Spor-Klenz®, with a third set sprayed once for 10 seconds with pH-AB. Task II coupons were sprayed 
twice for 30 seconds with pH-AB.  
The spray wand was moved back and forth to cover the surface of all three coupons evenly and completely 
(Task I) or moved back and forth while moving downward to cover the surface of Task II coupons 
completely. The Task I coupons were sprayed with three side-to-side strokes moving downward, starting 
first from the top of the left-most coupon, across all three coupons, and finishing at the bottom of the right-
most coupon in the decontamination chamber. This step was repeated as often as necessary to satisfy the 
required spray duration. The decontamination staff practiced the movement before the tests until the sprayer 
could be operated in a repeatable manner. Data recorded included both the duration of the step and the 
time of day when the step was started for each coupon. 
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Figure E-2. Backpack sprayer 
 
The constant spray pressure of 35 psi was maintained by the backpack sprayer. At this constant pressure, 
the flow rate was maintained at 1046 mL/min (average over all tests) with a cone spray pattern of 16 in 
diameter when held at a distance of 1 ft from the surface. For Task I, the spray wand was inserted at the 
same distance in the port. The spray pattern is shown in Appendix E.  
The flow rate was checked at the start and end of each test and before and after use on each coupon set to 
ensure proper operation of the sprayer. The flow rate was measured by spraying into a graduated cylinder 
for 10 seconds and measuring the final volume. A 30 minute contact time, with two applications, one at 0 
minutes and one at 15 minutes, would be optimal and most realistic of effort expended during an actual FAD 
remediation. For example, the decontamination solution would be reapplied once (once 15 minutes has 
elapsed) during the 30 minute contact time. Section 2.5 presents the Test Matrix and describes how it was 
modified based on these initial test results.  
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Pressure Washer Application of Decontaminant 
Commercial pressure washers are not recommended for use with bleach. Being concerned about the 
effects of the pH-AB on this equipment, the first pressure washing application test (John Deere 3300 psi, 
Model 020382; see Figure E-3) was conducted with Spor-Klenz®. A fixed volume of Spor-Klenz® was to be 
dispensed onto the coupon surface by pressure washing for a fixed amount of time (planned as two sprays 
of 15 seconds per set of three coupons). The supply line of the pressure washer was connected by the 
garden hose to a reservoir containing the decontamination solution (at the final concentration). This 
reservoir was the sole supply of liquid to the pressure washer during the application procedure. The 
contents of the reservoir were therefore not diluted with water during use of the sprayer. The Task I coupons 
were sprayed with side-to-side strokes starting first from the top of the left-most coupon, working downward 
and the spray was moved across all three coupons in the decontamination chamber (Figure E-4). The start 
time and duration for this action were recorded and spray of the coupons was performed as consistently as 
possible across all coupons. A 25° angle nozzle was used with the pressure washer at full throttle. At a 
distance of 3 ft from the coupon surface, this nozzle produces a fan of approximately 12 in. The nozzle was 
oriented so that the fan was vertical. 
 
Figure E-3. John Deere pressure washer 
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Figure E-4: Center of spray during Task 1 decontamination procedures 
 
Large volumes of rinsate were expected. For example, spraying the surface of a set of coupons with a 3300 
psi/3.2 gpm pressure washer for a total of 30 seconds would generate 1.6 gallons of rinsate. 
After the decontamination solution had been applied to the first set of coupons, the pressure washer was 
rinsed with DI water by connecting a second supply hose (a hose dedicated for distilled water only) to the 
pressure washer and actuating the pressure washer for 30 seconds into a waste container. The coupons 
were then rinsed with DI water using the pressure washer.  
During the second set of three coupons, the pressure washer was noticeably being negatively affected by 
the Spor-Klenz® (i.e., running irregularly). Further, upon attempting to accomplish the second application of 
sporicide during Test 8, the pressure washer failed to start initially and then ran roughly. The initial 
application of the Spor-Klenz® was made to the third set of three coupons (second material), but the 
pressure washer was unable to be restarted to make the second planned application for wood.  This 
procedural anomaly is noted in the Table 2-1 footnote. 
 
 
Chemical Sprayer Application of Decontaminant 
Due to the detrimental effects of Spor-Klenz® on the pressure washer, a chemical sprayer (Model# PP-
UAG1003HU-K, UDOR, USA; see Figure E-5) was obtained to conduct the Task I pH-AB decontamination 
procedure. This procedure was conducted in the same manner as the procedure for the pressure washer in 
Section 2.4.1.2 above (two sprays of 15 seconds per set of three coupons). The only other variation was 
that a new pressure washer (Troy Bilt 2550 psi, Model 020337; see Figure E-6) was used for the DI rinse 
step.  
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Figure E-5. Chemical sprayer 
 
 
Figure E-6. Troy Bilt pressure washer 
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Rinsing with Water 
Rinsing of the coupons was accomplished using a standard garden hose (with nozzle) for Method 1 
(backpack sprayer decon application) and for all Task II tests. For the pressure washer application of Spor-
Klenz® (Method 2), the pressure washer was also used to rinse the first two sets of coupons (first material). 
However, when the pressure washer could not be restarted after the initial application on the first set of 
coupons for the second material, the garden hose (with nozzle) was used to rinse the coupons. For the 
chemical sprayer application of pH-adjusted bleach, an alternative (Troy Bilt) pressure washer was used for 
the rinse step. 
The water used in this study was DI water produced by a Dracor water purification system (Model 34RC3). 
An Oakton pH probe was maintained in the water reservoir to continually monitor the pH and temperature. 
For Task I, the three coupons were sprayed with side-to-side strokes starting first from the top of the left-
most coupon, working downward and the spray was moved across all three coupons in the decontamination 
chamber. Subsequent passes overlapped the previous by 50 percent. This was done from the central port 
on the chamber. For Task II, the coupon was sprayed starting at the top left in an alternating left to right, 
right to left motion, moving downward such that strokes overlapped by 50 percent, and finishing at the 
bottom right corner. For both Tasks, the start time and duration for this action was recorded and was 
performed as consistently as possible across all coupons. 
Rinsing with a Garden Hose 
For the garden hose, the water was supplied to the nozzle through a 75 ft garden hose of 5/8 in diameter. 
The head pressure was maintained constant at approximately 60 psi using a pressure regulator listed in 
Table E-1 of Appendix E. The water was supplied via a closed loop system having a 60-gallon tank as the 
reservoir and a pump to provide pressurized stream and continual recirculation (Figure E-7). Via adjustment 
of the nozzle, the spray pattern was controlled to be 1 ft in diameter measured at 3 ft from the nozzle. 
Application was for 10 seconds during Task I and for 30 seconds during Task II Test C1. 
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Figure E-7: DI water supply system 
Rinsing with a Pressure Washer 
For the pressure washer, the water was supplied via a 75 ft garden hose of 5/8 in diameter. A circulation 
pump was used to supply water from the tank to the pressure washer. The original pressure washer used 
for the Spor-Klenz® test reports a pressure of 3300 psi and a flow rate of 3.2 gallons per minute. The 
replacement pressure washer used for the pH-AB test rinse reports a pressure of 2550 psi and a flow rate of 
2.3 gallons per minute. The 25º angle nozzle attachment was used during this study. Application was for 10 
seconds during Task I. 
Quality Control Measures 
Additional measurements prior to or during the decontamination procedure application are also required in 
order to ensure quality control in the testing. These measurements include quality control checks on the 
reagents and equipment being used in the decontamination procedure. The pH and chlorine concentration 
of the pH-adjusted bleach solution have been shown to have a significant impact on the inactivation of 
Bacillus species spores. After preparation of the pH-adjusted bleach solution, the pH was measured using 
an Oakton pH probe. Additionally, the pH was measured during the decontamination testing after each set 
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of coupons was run within a test. The Cl2 concentration was measured after preparation of the pH-adjusted 
bleach solution by Hach High Range Bleach Test Kit, Method 10100 (Model CN-HRDT). The temperature 
was also measured after the mixture was prepared and prior to the start of a new set of coupons within a 
test using a NIST-traceable thermometer.  
The water pressure at the head of the garden hose (i.e., faucet) was controlled with a pressure regulator. 
The pressure was confirmed prior to each use of the hose. The flow rate and spray pattern from the hose 
were checked prior to the start of the decontamination test. The flow rate was measured using an inline flow 
meter. The spray pattern was visually verified to be nominally a 1 ft diameter (10 – 14 in) at the coupon 
surface from a distance of 3 ft between the nozzle and coupon face.  
The pressure wash rinse used the 25º attachment, to minimize the amount of overspray and maximize the 
surface area covered by the spray pattern. This nozzle was also deemed the most appropriate for field use. 
The chemical sprayer had an adjustable nozzle similar to the garden hose, and the pattern was set at 1 ft 
diameter from a distance of 3 ft. 
The time for application of each procedural step and time between procedural steps on each coupon was 
measured using a stopwatch and recorded in the laboratory notebook. 
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Appendix F: Sampling Procedures 
F.1 Sampling Material and Equipment 
The materials and equipment used for sampling are listed in Table F-1. 
Table F-1. Material and Equipment Used in Sampling 
Material/Equipment  Description 
Nonpowdered sterile surgical gloves 
KIMTECH PURE* G3 Sterile Nitrile Gloves, Kimberly-
Clark (VWR P/N HC61110 for extra-large; VWR P/N 
HC61190 for large; VWR P/N HC61180 for medium)  
Nonpowdered nonsterile surgical gloves 
Exam gloves (Fisherbrand Powder-Free Nitrile Exam 
Gloves, Fisher P/N 19-130-1597D (for large);19-130-
1597C (for medium)) 
Dust Masks 3M Particulate Respirator 8271, P95 
Disposable laboratory coats 
Kimberly-Clark Kleenguard A10 Light Duty Apparel, P/N 
40105  
Disposable Bench Liner  
Phosphate Buffered Saline Phosphate Buffered Saline with TWEEN
® 20 (Sigma 
Aldrich, P/N: P3563-10PAK) 
50 mL conical tubes BD Falcon
® BlueMax Graduated Tubes, 15 mL (Fisher 
Scientific P/N 14-959-70C) 
Sterile sampling bags 
Fisherbrand Sterile Sampling Bags (TWIRL'EM®) 
Overpack Size : 10” by 14”, P/N 01-002-53 
Inner bag size: 5.5" by 9" (wipe);  
Sample Bag Size: 5.5” by 9 “ 
Bleach wipes Dispatch® Bleach Wipes, P/N 69260 
Wipes 
Kendall Curity Versalon absorbent gauze sponge 2'' by 2'' 
sterile packed (rayon/polyester blend)  
(http://www.mfasco.com/) 
Swabs 
Bacti Swab®  
(http://www.remelinc.com/Industrial/ 
CollectionTransport/BactiSwab.aspx) 
Carboys (2) 
Nalgene autoclavable carboys with tabulation  
(20 L) (Fisher Cat# 02-690-23) 
Analytical Filter Units  
150 mL Nalgene Analytical Filter Units (0.2 μm Cellulose 
Acetate) (Fisher Cat# 130-4020) 
Vacuum pump 
Gas oil-free vacuum Pump with adjustable suction (Fisher 
Cat# 01-092-25) 
Tubing 
Fisher PVC clear tubing (1/2“ i.d., 1/16” thickness) (Fisher 
Cat# 14-169-7J) 
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Material/Equipment  Description 
 
Fisher PVC clear tubing (3/8” i.d., 1/16” thickness) (Fisher 
Cat# 14-169-7G) 
 
Fisher PVC clear tubing (vacuum tubing) 
(3/8” i.d., 1/8” thickness)    
(Fisher Cat# 14-169-7H) 
Filter cassettes 
Via-Cell® Bioaerosol Sampling Cassette P/N VIA010 
http://www.zefon.com/store/via-cell-bioaerosol-sampling-
cassette.html 
Sampling pump  
Isokinetic Method 5 Source Sampling Console 
Model 511E 
http://www.apexinst.com/products/consoles.htm 
 
F.2 Surface Sampling Procedures 
Within a single Task I test, surface sampling of the coupons was completed for all procedural blank coupons 
first, followed by all test coupons, and then followed by all positive control coupons. Task II coupon areas 
were tested on different days, in the following order: blanks (day X), positive control (day X), test (day X). 
Surface sampling was done by wipe sampling in accordance with the protocol documented below. The 
surface area for all samples was 1.3 sq ft.  A template was used to cover the exterior 0.25 in of each Task I 
coupon leaving a 13.5 in by 13.5 in square exposed for sampling. The outer 0.25 in around each coupon 
was not sampled in order to avoid unrepresentative edge effects. A large stainless steel template covering 
the entire coupon was used for Task II sampling. This template also prevented the outer edges from being 
sampled, and provided a 0.5 in border between samples 
Prior to the sampling event, all materials needed for sampling were prepared using aseptic technique. The 
materials specific to each protocol are included in the relevant sections below. In addition, general sampling 
supplies were needed. A sampling material bin was stocked for each sampling event, using the information 
included in these sampling protocols. The bin contained enough wipe sampling kits to accommodate all 
required samples for the specific test. Additional kits were also included for backup. Enough prepared 
packages of gloves and bleach wipes were also included in the bin. Extra gloves and wipes were also 
included. Task I templates (1.2 ft by 1.2 ft with an interior opening of 13.5 in by 13.5 in) were prepared, 
sterilized, and packaged in sterile bags (7 templates per bag). These bags of templates were included with 
the sampling kits. A sample collection bin was used to transport samples back to the APPCD Microbiology 
Laboratory. The exterior of the transport container was decontaminated by wiping all surfaces with a bleach 
wipe or towelette moistened with a solution of pH-adjusted bleach prior to transport from the sampling 
location to the APPCD Microbiology Laboratory. 
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F.2.1 Coupon Wipe Sampling 
Wipe sampling is typically used for small sample areas and is effective on nonporous, smooth surfaces such 
as ceramics, vinyl, metals, painted surfaces, and plastics. The general approach is that a moistened sterile 
non-cotton pad is used to wipe a specified area to recover bacteria, viruses, and biological toxins. The 
protocol that was used in this project is described below and has been adopted from that provided by 
Busher et al.11 Brown et al.12, and documented in the INL 2008 Evaluation Protocols.13  None of these 
references provides a validated wipe procedure for Bacillus spores, as a validated sampling procedure does 
not currently exist.  
The following procedure was used in this study for Task I wipe sampling of each coupon surface: 
1. A three-person team was used, employing aseptic technique throughout. The team consisted of a 
sampler, coupon handler, and support person. 
2. All materials needed for collection of each sample were prepared in advance using aseptic technique. A 
sample kit for a single wipe sample was prepared as follows: 
a. Two sterile sampling bags (10” by 14”, 5.5” by 9 “) and a 50 mL conical tube, capped, were labeled 
in accordance with Appendix D. These bags and conical tube had the same label. The 5.5” by 9” 
labeled sterile sampling bag was referred to as the sample collection sterile sampling bag. 
b. A dry sterile wipe was placed in an unlabeled sterile 50 mL conical tube using sterile forceps and 
aseptic technique. The wipe was moistened by adding 5 mL of sterile phosphate buffered saline 
with 0.005% TWEEN®-20. The tube was then sealed.  
c. The labeled 50 mL conical tube, capped, the unlabeled conical tube containing the pre-moistened 
wipe, and the 5.5” by 9” labeled sampling bag were placed into the 10” by 14” labeled sterile 
sampling bag. Each labeled sterile sampling bag contained a labeled 50 mL conical tube (capped), 
an unlabeled capped conical tube containing a pre-moistened wipe, and an empty labeled sterile 
sampling bag.  
d. Each prepared bag was one sampling kit. 
3. All members of the sampling team donned a pair of sampling gloves (a new pair per sample); the 
sampler’s gloves were sterile sampling gloves. All members wore dust masks to further minimize 
potential contamination of the samples. 
4. The coupon handler removed the coupon from the appropriate cabinet and placed the coupon on the 
sampling area. The sampling area was covered with a new piece of laboratory bench cover for each 
coupon. 
5. The support person recorded the coupon code on the sampling log sheet. 
6. The support person removed a template from the bag and handed it to the sampler. 
7. The sampler placed the template onto the coupon surface. 
8. The support person removed a sample kit from the sampling bin and recorded the sample tube number 
on the sampling log sheet next to the corresponding coupon code just recorded. 
 
 
 94 
9. The support person: 
a. Opened the outer sterile sampling bag touching the outside of the bag. 
b. Touching only the outside of the overpack bag, removed and opened the unlabelled conical tube 
and poured the pre-moistened wipe onto the sample. 
c. Discarded the unlabeled conical tube. 
d. Maneuvered the labeled 50 mL conical tube to the end of the outer sterile sampling bag and 
loosened the cap. 
e. Removed the cap from 50 mL conical tube immediately preceding the introduction of the sample 
into the tube.  
10. The sampler: 
a. Wiped the surface of the sample horizontally using S-strokes to cover the entire sample area of the 
coupon using a consistent amount of pressure. 
b. Folded the wipe concealing the exposed side and then wiped the same surface vertically using the 
same technique. 
c. Folded the wipe over again and rolled up the folded wipe to fit into the conical tube. 
d. Carefully placed the wipe into the 50 mL conical tube that the support person was holding, being 
careful not to touch the surface of the 50 mL conical tube or plastic sterile sampling bag. 
11. The support person then immediately closed and tightened the cap to the 50 mL conical tube and slid 
the tube back into the sample collection sterile sampling bag. 
12. The support person then put the 50 mL conical tube into the empty labeled 5.5” by 9” sampling bag and 
sealed the bag.  
13. The support person then sealed the outer sample collection bag now containing the capped 50 mL 
conical tube (containing the sample wipe) inside a sealed 5.5” by 9” sample collection bag. 
14. The support person then decontaminated the outer sample bag by wiping it with a Dispatch® bleach 
wipe. 
15. The support person then placed the triple-contained sample into the sample collection bin. 
16. If sampling from the coupon was completed, the coupon handler moved the coupon and template to the 
appropriate location for archival or discarding. 
17. All members of the sampling team removed and discarded their gloves. 
18. Steps 3 – 17 were repeated for each sample to be collected. 
 
A very similar method was used for collecting the samples for Task II coupons. Changes were necessitated 
by the orientation of the coupon and the use of areas as samples. 
1. A two-person team was used, employing aseptic technique throughout. The team consisted of a 
sampler and a coupon handler. 
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All materials needed for collection of each sample were prepared in advance using aseptic technique. A 
sample kit for a single wipe sample was prepared as follows: 
a. Two sterile sampling bags (10” by 14”, 5.5” by 9 “) and a 50 mL conical tube, capped, were labeled 
in accordance with Appendix D. These bags and conical tube had the same label. The 5.5” by 9” 
labeled sterile sampling bag was referred to as the sample collection sterile sampling bag. 
b. A dry sterile wipe was placed in an unlabeled sterile 50 mL conical tube using sterile forceps and 
aseptic technique. The wipe was moistened by adding 5 mL of sterile phosphate buffered saline 
with 0.005% TWEEN®-20. The tube was then sealed.  
c. The labeled 50 mL conical tube, capped, the unlabeled conical tube containing the pre-moistened 
wipe, and the 5.5” by 9” labeled sampling bag were placed into the 10” by 14” labeled sterile 
sampling bag. Hence, each labeled sterile sampling bag contained a labeled 50 mL conical tube 
(capped), an unlabeled capped conical tube containing a pre-moistened wipe, and an empty 
labeled sterile sampling bag.  
d. Each prepared bag was one sampling kit. 
 
2. While wearing gloves, the sampling team affixed a sterile sampling template to the sample. No 
personnel touched the coupon surface itself. Gloves were removed and discarded following template 
placement. 
3. All members of the sampling team each donned a pair of sampling gloves (a new pair per sample); the 
sampler’s gloves were sterile sampling gloves. All members wore dust masks to further minimize 
potential contamination of the samples. 
4. The support person recorded the coupon code and area on the sampling log sheet. 
5. The support person removed a sample kit from the sampling bin and recorded the sample tube number 
on the sampling log sheet next to the corresponding coupon code just recorded. 
6. The support person: 
e. Opened the outer sterile sampling bag touching the outside of the bag. 
f. Touching only the outside of the overpack bag, removed and opened the unlabeled conical tube 
and poured the pre-moistened wipe into the hands of the sampler. 
g. Discarded the unlabeled conical tube. 
h. Maneuvered the labeled 50 mL conical tube to the end of the outer sterile sampling bag and 
loosened the cap. 
i. Removed the cap from 50 mL conical tube immediately preceding the introduction of the sample 
into the tube.  
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7. The sampler: 
a. Squeezed out the excess liquid from the wipe. 
b. Wiped the surface of the sample horizontally using S-strokes to cover the entire sample area of the 
coupon using a consistent amount of pressure. 
c. Folded the wipe concealing the exposed side and then wiped the same surface vertically using the 
same technique. 
d. Folded the wipe over again and roll up the folded wipe to fit into the conical tube. 
e. Carefully placed the wipe into the 50 mL conical tube that the support person was holding, being 
careful not to touch the surface of the 50 mL conical tube or plastic sterile sampling bag. 
8. The support person then immediately closed and tightened the cap to the 50 mL conical tube and slid 
the tube back into the sample collection sterile sampling bag. 
9. The support person put the 50 mL conical tube into the empty labeled 5.5” by 9” sampling bag and 
sealed the bag.  
10. The support person then sealed the outer sample collection bag now containing the capped 50 mL 
conical tube (containing the sample wipe) inside a sealed 5.5” by 9” sample collection bag. 
11. The support person then decontaminated the outer sample bag by wiping it with a Dispatch® bleach 
wipe. 
12. The support person then placed the triple-contained sample into the sample collection bin. 
13. All members of the sampling team removed and discarded their gloves. 
14. Steps 4 – 17 were repeated for each sample to be collected. 
F.2.2 Swab Sampling 
Swab sampling was used for sterility checks on coupons and equipment prior to use in the testing. A single 
swab sample was collected from each item and coupon. MOP 3135 was followed (see Appendix C), which 
employs a pre-moistened swab.  
F.3 Rinsate Collection and Sampling Procedures 
During application of the decontamination procedure for each set of Task I coupons, the drain in the 
decontamination test chamber remained open. The runoff from the coupons throughout the entire 
decontamination procedure being tested was collected for a given coupon set (material type or all blanks) 
into a vessel which was pre-dosed with sodium thiosulfate (STS). The volume of STS needed to neutralize 
the total volume of decontamination liquid to be applied was determined by titration, and was set to 150% 
excess. After all coupons from a single set had been moved to the Decontaminated Coupon Cabinet or 
Procedural Blank Cabinet, the chamber was rinsed with DI water. For Task II, a rinsate collection vessel 
(trough) was placed under the coupon, and curtains arranged so that splashing rinsate drained into the 
trough. The trough was also dosed with enough STS to neutralize the decontamination liquid. 
Analysis of the liquid was accomplished by filter-plating triplicate 100 mL aliquots of each rinsate sample. 
The collection procedure for the 100 mL aliquots was performed as follows: 
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1. Sampler donned a face mask, pair of examination gloves, disposable laboratory coat, and bouffant cap. 
2. The contents of the carboy were agitated to ensure homogeneous mixing.  
3. The carboy cap was removed. 
4. Using a new 50 mL sterile pipette tip, 100 mL of sample was aseptically pipetted into a sterile 100 mL 
container. 
Step 4 was repeated until triplicate samples were obtained. 
The rinsate aliquots are triple-contained and transported to the Microbiology Laboratory for submission and 
analysis at the conclusion of the entire test according to MOP 6565 (see Appendix C). Briefly, spores in the 
rinsate sample were collected onto 0.2 μm pore-size analytical filters by vacuum filtration (Figure F-1). The 
filter was then placed (particulate side up) onto bacterial growth media and incubated 18 ± 2 hours at the 
optimal growth temperature. After incubation, colonies were enumerated on the filter surface by visual 
inspection as shown in Figure F-2 for Ba agent. 
 
 Figure F-1.  Nalgene Analytical Filter Unit connected to a Filter Unit. 
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Figure F-2.  Ba CFU on a Filter. 
 
F.4 Aerosol Sampling Procedures 
The use of high-pressure hoses and pressure washers is expected to generate aerosols. There is potential 
for generated aerosols to contain viable spores removed from the coupon surfaces. Bioaerosol samples 
were collected from the decontamination chamber during all spraying activities. Zefon Via-Cell® Bioaerosol 
Sampling Cassettes (Figure F-3) were used to collect aerosol samples. During aerosol sample collection, 
the air concentration of chlorine gas (during pH-amended bleach application) or hydrogen peroxide vapor 
(during Spor-Klenz® application) was also monitored. 
The Via-Cell® sampler was operated and analyzed according to the manufacturer’s recommendations. 
(http://www.zefon.com/analytical/download/Via-Cell_Lab_Manual_Booklet.pdf). During Task I, separate 
aerosol samples were collected during the liquid decontamination application and the DI water rinse 
application. During Task II, separate aerosol samples were collected before each decontamination step, two 
samples during the decontamination step, and after the decontamination procedure to provide some 
baseline data similar to the procedural blank during Task I. The aerosol samples were analyzed according 
to MOP 6571 (see Appendix C). 
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Figure F-3 Via-Cell® BioAerosol Cassette 
Filters are analyzed to determine viable CFU collected per volume of air sampled. 
The following sampling procedure was used to collect the Via-Cell® samples: 
1. With a clean pair of gloves, the Via-Cell® was removed from the foil pouch. The cassette and the pouch 
were labeled with the sample ID. 
2. The small blue plug was removed and the cassette connected to the dry gas meter pump. 
3. A leak-check was performed by turning on the pump with the inlet to the Via-Cell® closed capped off. 
The flow of air should have stopped. If not, all connections were checked. 
4. The cap of the Via-Cell® was removed and affixed in the ambient air around the coupon to be 
decontaminated. 
5. The starting volume on the dry gas meter (DGM) was recorded and the timer reset. 
6. When time to collect a sample, the two switches on the meter box for the pump and the timer were 
simultaneously turned on. The sample ID, the time of day and the meter temperature were recorded. 
7. The valve settings on the meter box were adjusted so that the delta H pressure reading was 1.1” water. 
8. At the end of sample collection, the two switches on the meter box for the pump and the timer were 
simultaneously turned off. The final reading on the DGM, the meter temperature, and the elapsed time 
were recorded. 
9. The cap of the Via-Cell® was replaced and the pump disconnected. The outlet plug was reinserted. 
10. The Via-Cell® was placed in the foil pouch. The exterior of the pouch was wiped with a Dispatch® wipe, 
and placed in secondary containment. 
 
F.5 Sample Preservation 
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After sample collection, sample integrity was maintained by storage of samples in quadruple containers 
(1 – sample collection container, 2 – sterile bag, 3 – sterile bag with exterior sterilized during sample 
packaging process, 4 – sterile container holding all samples from a test). All individual sample containers 
remained sealed while in the decontamination laboratory or in transport after the introduction of the sample. 
The locking lid on the container holding all samples remained closed except for the brief period it was 
opened for sample introduction by the support person of the sampling team. The sampling person did not 
handle any samples after they were relinquished to the support person during placement into the primary 
sample container. 
After sample collection for a single test was complete, all samples were transported to the APPCD 
Microbiology Laboratory immediately, with appropriate chain of custody form(s). 
In the APPCD Microbiology Laboratory, all samples were stored in the refrigerator at approximately 4 oC 
until they were analyzed. All samples were allowed to stabilize at room temperature prior to analysis. 
F.6 Sample Holding Times 
All samples were stored in accordance with Section F.5 and no longer than 10 days before being analyzed. 
A typical holding time for most samples was less than or equal to 2 days. 
During the analysis procedure, samples could be stored in the refrigerator overnight after extraction and 
prior to the dilution plating. All samples were allowed to equilibrate to room temperature and were vortexed 
for 10 seconds prior to plating. 
Appendix G: Sampling Analyses 
G.1 Sample Analyses  
The APPCD Microbiology Laboratory located in E-288 of the RTP, NC, campus facility analyzed all samples 
to quantify the number of viable spores per sample. For all sample types, phosphate buffered saline with 
0.05% TWEEN®-20 (PBST) was used as the extraction buffer. After the appropriate extraction procedure, as 
described in the sections to follow, the buffer was subjected to a four-stage serial dilution (10-1 to 10-4), 
plated, incubated, and analyzed (CFU abundance) in accordance with MOP 6535a (see Appendix C). 
In addition to the analysis in MOP 6535a, two additional analysis procedures were used for samples 
resulting in less than 30 CFU/sample in the zero tube (undiluted sample). These analyses were conducted 
in order to lower the current detection limit associated with MOP 6535a. First, 1 mL of the extract was filter 
plated in accordance with MOP 6565 (see Appendix C). The remainder of the sample was then filter plated 
in accordance with the MOP 6565. 
The PBST was prepared according to the manufacturer’s directions and in accordance with MOP 6562 (see 
Appendix C), dissolving one packet in one liter of sterile water. The solution was then vacuum-filtered 
through a sterile 0.22 µm filter unit to sterilize. 
The extraction procedure used to recover spores was varied depending upon the different matrices (wipes, 
liquids, filter cassettes). These procedures are described in the following subsections. 
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G.1.1 Recovery from Wipe Samples 
The recovery of the spores from the wipe samples was done as follows (MOP 6567, Appendix C): 
1. The analyst donned a fresh pair of gloves. Gloves were changed periodically (at least between batches) 
or after direct contact with a sample to reduce contamination. 
2. The 50 mL conical tube containing the sample wipe was removed from the double sterile bag and wiped 
with a bleach wipe. The analysts changed gloves after the wipe step. 
3. A volume of 20 mL of PBST was added to each 50 mL conical tube by aseptically pouring a pre-
measured volume. 
4. The sample was then vortexed for 2 minutes in 10 second bursts, leaving the wipe in the same tube. 
5. If the sample sat for more than one minute after Step 4, the sample was re-vortexed individually to 
homogenize prior to dilution plating. To complete dilution plating, the conical tube was uncapped and 
the cap placed underside up on the Bio Safety Cabinet surface while the aliquot was removed from the 
tube. Immediately after the aliquot was removed, the cap was aseptically replaced. 
6. Each sample was processed individually. Steps 1-5 were repeated for each sample in the batch. 
Dilution plating occurred as described in Section G.1. 
 
G.1.2 Recovery from Liquid 
Abundance of viable spores in the rinsate samples was determined by filtration of rinsate aliquots (MOP 
6565). Filter samples were cultured on bacterial growth media, and recovery was determined by 
enumerating colony forming units (CFU). The abundance of spores in the original runoff water was 
determined by multiplying the calculated abundance of spores per milliliter of aliquot by the total runoff 
volume. 
G.1.3 Recovery from Air Sample 
The extraction of the spores from the filters was done in accordance with MOP 6571 (see Appendix C). In 
short, the filter housing allows for in-situ extraction using 2 mL DI water. This suspension was then dilution 
plated in triplicate in accordance with Section G.1. The concentration of spores in the air was determined by 
dividing the total abundance of spores by the total sampled air volume.  
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Test Date: 12/14/2010 Sampling Date: 12/15/2010 Analysis Date: 12/17/2010
Test Number: 3 and 4 Sampling Team: Analyst: Griffin Gatachalian, Slone
Rob Delafield
Test Team: Stella Payne
Steve Terll
Blank Coupons
Material Sample Type Avg. CFU/sample
Mean of 
Logs RSD (%) CFU/ sample
Avg. 
CFU/sample
Mean of 
Logs RSD (%) LR SD
Stainless Steel wipe 2.75E+07 7.43 24.33%
Concrete wipe 3.05E+06 6.46 28.09% 6.7E-01 7.64E-01 -0.14 36.6% 6.60 0.13 FALSE
Wood wipe 3.97E+06 6.55 55.45% 5.9E-01 6.53E-01 -0.19 3.7% 6.74 0.02 TRUE
Blank wipe NA NA NA NA 5.65E+00 0.41 125.8% NA NA FALSE
Decon Sets Rinsate
Ambient Air during 
decon
Ambient 
Air during 
(Total CFUs) CFU/L CFU/L Detection limit values are in Yellow
Blanks <28.18 <0.0584 <0.19
Concrete <43.75 70.50 0.12
Wood 100.92 48.33 <0.12
Observations/Comments: The only deviation from the test parameters was that one set (3) of each coupon type was rinsed for 15 seconds instead of 
DCMD 3.41B:  Effectiveness of Physical and Chemical Cleaning and Disinfection Methods for Removing, Reducing 
or Inactivating Agricultural Biological Threat Agents 
>>> Test Report <<<
Positive Controls Test Coupons
Surface Samples
Rob Delafield, 
Stella Payne, 
Steve Terll
10 seconds. The blanks (2 coupons) were rinsed for 10 seconds instead of 7 seconds. The viacells during decon (VD) and for rinse (VR) are for all 6 test 
coupons of each type.
Detection 
limit 
value?
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Test Date: 10/27/2010 Sampling Date: 10/28/2010 Analysis Date:
Test Number: 5 and 6 Sampling Team: Analyst: Griffin Gatachalian, Slone
Rob Delafield
Test Team: Matt Clayton
Steve Terll
Blank Coupons
Material Sample Type Avg. CFU/sample
Mean of 
Logs RSD (%) CFU/ sample
Avg. 
CFU/sample
Mean of 
Logs RSD (%) LR SD
Stainless Steel wipe 3.90E+07 7.58 20.95%
Concrete wipe 2.62E+06 6.38 44.63% 7.7E-01 6.06E+04 4.75 40.2% 1.63 0.19 FALSE
Wood wipe 5.27E+06 6.65 71.33% 8.0E-01 7.03E-01 -0.15 4.8% 6.80 0.02 TRUE
Blank wipe NA NA NA NA 6.60E-01 -0.18 11.6% NA NA TRUE
Decon Sets Rinsate Ambient Air
(Total CFUs) CFU/L Detection limit values are in Yellow
Blanks <11.74 0.06
Concrete <24.93 45.95
Wood <27.35 6.37
Observations/Comments:
Detection 
limit 
value?
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Test Date: 11/17/2010 Sampling Date: 11/18/2010 Analysis Date: 11/19/2010
Test Number: 7 and 8 Sampling Team: Analyst: Griffin Gatachalian, Slone
Rob Delafield
Test Team: Kim Egler
Steve Terll
Blank Coupons
Material Sample Type Avg. CFU/sample
Mean of 
Logs RSD (%) CFU/ sample
Avg. 
CFU/sample
Mean of 
Logs RSD (%) LR SD
Stainless Steel wipe 2.23E+07 7.34 17.64%
Concrete wipe 2.93E+06 6.40 53.90% 6.5E+00 7.30E+03 3.60 117.4% 2.80 0.55 FALSE
Wood wipe 6.71E+06 6.79 44.66% 6.3E-01 6.32E-01 -0.20 1.8% 6.99 0.01 TRUE
Blank wipe NA NA NA NA 1.00E+00 -0.03 47.1% NA NA FALSE
Decon Sets Rinsate Ambient Air in Duct
Ambient 
Air in 
Chamber
(Total CFUs) CFU/L CFU/L Detection limit values are in Yellow
Blanks <11.86 <0.0457 6.19
Concrete <28.88 0.23 2.01 69204.15225
Wood <27.12 0.28 6.71
Observations/Comments: Equipment failure prevented the second decon application to the T8-T-TW (3-5) test coupons. 
The duct viacell fell apart and was pulled inside the duct during the concrete decon and rinse.
The ambient air in duct data is not available because the meter box ran backwards due to the vacuum created by the exhaust.
The T8-T-TW (3-5) test coupons were rinsed with the garden hose after a total contact time of 34 minutes.
The T8-T-TW (6-8) test coupons were not done as a result of the equipment failure.
For these tests the application time of the decontaminate was reduced to 15 seconds from 30 seconds. The rinse time remained 10 seconds.
A second application was applied after 15 minutes for a total contact time of 30 minutes. 
Detection 
limit 
value?
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Test Date: 1/18/2011 Sampling Date: 1/19/2011 Analysis Date: 1/19/2011
Test Number: 9 and 10 Sampling Team: Analyst: Griffin Gatachalian, Slone
Rob Delafield
Test Team: Stella Payne
Steve Terll
Blank Coupons
Material Sample Type Avg. CFU/sample
Mean of 
Logs RSD (%) CFU/ sample
Avg. 
CFU/sample
Mean of 
Logs RSD (%) LR SD
Stainless Steel wipe 2.43E+07 7.39 3.20%
Concrete wipe 1.46E+06 6.14 37.86% 1.3E+01 7.02E-01 -0.17 33.3% 6.30 0.12 FALSE
Wood wipe 1.88E+06 6.25 29.72% 9.4E+00 1.50E+03 2.21 175.1% 4.04 1.19 FALSE
Blank wipe NA NA NA NA 4.14E+00 0.33 121.3% NA NA FALSE
Decon Sets Rinsate
Ambient Air during 
decon
Ambient Air 
during rinse
(Total CFUs) CFU/L CFU/L Detection limit values are in Yellow
Blanks <5.57 #DIV/0! #DIV/0!
Concrete 1.31E+04 390.66 0.36
Wood 8.32E+04 385.54 4.78
Observations/Comments: Due to the power washer running out of gas, the contact time on the second set of treated wood (T10-T-TW-(6-8)) was 
Detection 
limit 
value?
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Positive Controls Test Coupons
Surface Samples
Rob Delafield, 
John Nash, 
Steve Terll
22 min 55sec instead of 15 minutes.  There did not seem to be any significant change in efficacy based on this variation.
The concrete results are based on a single spore on one coupon, so, while not a detection limit value, it is just above the detection limit.
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Test Date: 2/8/2011 Sampling Date: 2/9/2011 Analysis Date: 2/10/2011
Test Number: C1 Sampling Team: Analyst: Griffin Gatachalian, Slone
Rob Delafield
Test Team: Stella Payne
Tim McArthur
Blank Coupons
Material Sample Type Avg. CFU/sample
Mean of 
Logs RSD (%) CFU/ sample
Avg. CFU/ 
sample Mean of Logs RSD (%) LR SD
Stainless Steel wipe 2.02E+07 7.29 27.27%
Concrete (CVA) wipe 7.51E+05 5.84 48.1% 6.06E-01 -0.22 2.1% 6.1 0.01 TRUE
Concrete (CVB) wipe 4.06E+06 6.60 23.1% 7.46E-01 -0.15 37.8% 6.7 0.14 FALSE
Wood (TWA) wipe 3.42E+06 6.51 35.7% 1.28E+01 0.94 86.6% 5.6 0.45 FALSE
Wood (TWB) wipe 3.18E+06 6.50 16.8% 8.00E+00 0.75 89.1% 5.7 0.44 FALSE
Decon Sets
Ambient Air        
Before Ambient Air During
Ambient Air 
After
Rinsate before 
Decon Rinsate after Decon
CFU/L CFU/L CFU/L Total CFU Total CFU
Decon 1 17.47 12.75 13.55 CVA 2.30E+04 1.30E+05
Decon 2 2025.27 42.15 0.62 CVB 2.00E+04 2.84E+05
Rinse 1.50 0.15 0.23 TWA 3.30E+03 1.51E+05
TWB 3.33E+03 1.41E+05
Observations/Comments: Detection limit values are in Yellow
There was high contamination of air in COMMANDER prior to decon steps - this reduces usefulness of ViaCell data during and after Decon steps
Rinsates were also contaminated before decon, but levels after decon were higher. 
Only 3 positive control samples for CWA
Surface Samples
Rob Delafield, 
Matt Clayton, 
Tim McArthur
Coupon
Detection 
limit 
value?
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Test Date: 2/24/2011 Sampling Date: 2/25/2011 Analysis Date: 2/28/2011
Test Number: C2 Sampling Team: Analyst: Griffin Gatachalian, Slone, Levine
Rob Delafield
Test Team: Matt Clayton
Tim McArthur
Blank Coupons
Material Sample Type Avg. CFU/sample
Mean of 
Logs RSD (%) CFU/ sample
Avg. CFU/ 
sample Mean of Logs RSD (%) LR SD
Stainless Steel wipe 8.33E+06 6.99 1.92E-01
Concrete (CVA) wipe 4.43E+06 6.63 27.6% 7.13E+01 1.27 96.5% 5.4 1.10 FALSE
Concrete (CVB) wipe 7.20E+06 6.84 31.3% 4.49E+00 0.09 193.0% 6.8 0.68 FALSE
Wood (TWA) wipe 2.67E+06 6.42 21.1% 1.25E+01 0.81 82.7% 5.6 0.67 FALSE
Wood (TWB) wipe 3.25E+06 6.50 20.6% 1.67E+01 0.92 95.4% 5.6 0.67 FALSE
Decon Sets
Ambient Air        
Before Ambient Air During
Ambient Air 
After
Rinsate before 
Decon Rinsate after Decon
CFU/L CFU/L CFU/L Total CFU Total CFU
Decon 1 4.07 27.93 2.97 CVA 4.93E+03 <105.11
Decon 2 1.15 0.91 0.07 CVB 1.87E+03 <398.33
TWA 1.00E+03 <74.65
TWB 3.73E+02 <204.67
Observations/Comments: Detection limit values are in Yellow
Some rinsate samples have returned lower CFUs in subsequent plating (see C2-R-CVA-2) - Possibly due to a decontaminating agent in the rinsate itself. (Bleach, STS)?
No rinse during this test.
Surface Samples
Rob Delafield, 
Stella Payne, 
Tim McArthur
Coupon
Detection 
limit 
value?
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Part I. Disposal Options
Sound Disposal of Equine 
Carcasses
What are the Options? 
After your horse dies, disposal should be done 
in a manner that is most acceptable to the owner, 
protects public health and safety, prevents adverse 
effects on water and air quality, does not create a 
nuisance, and prevents the spread of disease. For 
horses, there are several options that can be carried 
out either on or off-site.
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Being Prepared for the Worst: Develop a Health Care Plan for Your 
Horse “A Living Will For Your Horse”
Anyone who has ever loved a horse understands the feelings of guilt and helplessness following injury or 
illness of an animal.When acquiring ownership, you assume responsibility for the health and welfare of 
your horse. In some cases you will be faced with making a life-or-death decision about your horse. After 
assessing the severity of the case, many times the kindest thing you can do for a horse that is so sick, injured, 
old, lame or dangerous is to have your veterinarian humanely induce death. You need to have a plan for 
your horse and yourself. This plan should be discussed with other family members and your veterinarian, 
trainer or friends. Before disaster hits evaluate each horse and logically decide how and what you want done. 
Assume you are leaving for a vacation far away and you are leaving explicit instructions on what to do in 
case of emergencies. Economic, emotional, and space 
or skill limitations may force an owner to make diffi cult 
decisions. Work out a disaster plan for your horse(s), 
write it down and pull it out when disaster hits. 
Part I. Disposal Options  •  Part II. Composting: Natural Rendering
On-site Options
Composting your horse on-site, is cost effective, 
environmentally sound, biosecure and easy to 
accomplish. Enveloping your animal right away in 
a properly built compost pile will deter domestic 
animals and wildlife from scavenging. It will also 
provide you with a soil-like material you can use 
to plant a tree in memorial to your horse. In many 
states, on-site composting is not only legal it is 
the preferred disposal method, providing certain 
guidelines are followed. It requires the use of carbon 
sources such as woodchips, which can be purchased 
or acquired from municipalities, road crews and 
utility companies, or carbon from on-farm. The 
composting site should be located in a well-drained 
area along fi eld edges or other dry convenient areas 
away from wells and other water sources. 
Burial on the owner’s property is legal in most states, 
but must be done so that it will not contaminate or 
allow leachate to discharge into water supplies. 
Many states have prescribed setback distances from 
wells, adjacent property lines, other residences 
and streams, lakes or ponds. There may be a depth 
requirement, as well as a minimum amount of soil 
cover. Time restrictions may be in place, usually 
within 24 to 72 hours after death, especially when 
an animal is euthanized. It is important to keep 
domestic animals and wildlife from gaining access 
to the deceased animal. It may be necessary to hire 
a service or rent the proper equipment to perform 
on-site burial which can be expensive. In addition, 
even though it may be legal in your state, there 
may be local ordinances in place that restrict or 
limit burial, and some may require permission or a 
permit from an environmental agency, so it is best 
to check with your county or town prior to making 
plans for burial.
Off-site Options
Rendering, if available in your area, is a great option 
for your horse. Renderers have served horse owners 
for over 100 years. Recent regulatory actions have 
changed the way horse products can be used by 
renderers, so the number of plants that are willing to 
accept horses has decreased. Therefore, if rendering 
is an option you are considering, it is important to 
make sure that the facility you choose does in fact 
accept horses. There is a fee charged and there may 
be rules regarding drugs (the use of de-wormers, 
antibiotics and/or euthanasia agents). 
Burial and/or cremation. There are cemeteries 
and crematories throughout the US that offer burial 
and/or cremation for horse owners. The crematories 
offer individual or communal cremation with the 
option of retrieval of the cremains. Many of these 
also offer pick-up service. Fees for these services 
will depend on location and services contracted. 
Incineration and also biologic digestion with or 
without return of the remains may be performed at 
some private veterinary practices, and at university 
veterinary schools and diagnostic laboratories.
Fee for Services. If there is an entity in your area 
that has created a business for carcass disposal, you 
may be able to contract for services. As the owner 
of the horse, you must know where and how it 
will be disposed and that it is a legal operation. If 
you pay someone to take a horse and it is disposed 
of illegally both parties are responsible and legal 
action can be taken. A business would have to have 
a permit and use proper composting techniques to 
accept your animal. For your protection, if you use 
such a service, you should have signed contracts in 
place with a statement of how and where your horse 
is being disposed.
Landfi lling may be an option in some areas of the 
United States. There would be a fee involved and 
the owner would need to provide transportation or 
contract with a service to do so. 
A Note About Veterinary Pharmaceuticals:
In 2003, the Food and Drug Administration added 
an environmental warning to animal euthanasia 
products stating that “euthanized animals must be 
properly disposed by deep burial, incineration, or 
other method in compliance with state and local 
laws to prevent consumption of carcass material by 
scavenging wildlife.” Properly built and managed 
compost piles are an “other method.”
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Part II. Composting: Natural 
Rendering
Natural Rendering of Horses
Consider Composting
Over 900,000 horses have to be properly 
disposed of annually. The horse industry needs 
a convenient, socially, and environmentally 
acceptable, biosecure way of disposing of horses 
at the end of their lives.  
Static-pile composting is being recommended as 
an easily managed carcass disposal method. By 
properly constructing the compost pile to allow for 
adequate natural aeration, mortality composting can 
be completed on intact animals without physically 
turning and mechanically aerating the pile. Degree 
and duration of temperatures achieved in static-pile 
composting are adequate to signifi cantly reduce 
pathogen survival. 
Why Compost Mortality? 
Pathogen kill occurs in thermophilic composts. 
Can be done any time of the year, even when  
the ground is frozen.
Low cost and can be done with equipment  
available on most farms.
Relatively odor free. 
All sizes of animals can be composted. 
Placental membranes and other tissue can be  
composted.
Relatively low labor and management needed. 
It is environmentally safe to compost  
euthanized animals.
Composting in Static Piles
Static pile composting is pretty magical. The animal 
is enveloped in carbon-based material and left for 
months or years with no turning or work required. 
Static pile composting of dead, intact horses and 
livestock is a management practice that can fi t into 
most livestock farms. The practice does require 
space on your land to construct the compost piles 
and takes from six to 12 months for the animal to 
decompose. 
In this passively aerated system micro- and macro- 
organisms digest the animal and give off heat, 
which kills pathogens. The result is a coarse soil-
like medium. 
Make it Easier on Yourself and Plan 
Ahead 
Secure coarse woodchips, shavings or other coarse 
carbon materials and stockpile them in a place you 
have determined is suitable for the procedure (away 
from wells, streams and other water sources). These 
can be stored for six to 12 months.
A Note About Euthanized Horses
If your horse has been euthanized with a drug 
such as sodium pentobarbital, care should be 
taken to dispose of the remains as quickly as 
possible. They will contain potentially harmful 
residues. Wildlife and domestic animals may be 
attracted by the carcass and become intoxicated 
or die if allowed to feed on it. Properly built 
compost piles will deter pets and wildlife from 
feeding on carcasses. Sodium pentobarbital has 
been shown to degrade during the composting 
process so that by the time composting is fi nished 
(within six months) very low levels of the drug 
remain. 
Horse being covered in woodchips. 
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Key Points of Static Pile Carcass 
Composting
Select a site that is well drained, at least 200 feet  
from water courses, sinkholes, seasonal seeps, or 
other landscape features that indicate the area is 
hydrologically sensitive.
Lay a 24-inch bed of bulky, absorbent  
carbonaceous material containing sizeable pieces 
2-6 inches long. Utility and municipal wood chips 
work well. Ensure the base is large enough to allow 
for 2-foot clearance around the entire animal.
Lay the animal in the center of the bed. If a  
horse needs to be euthanized and is able to walk, 
you may want to walk the animal onto the bed 
before the veterinarian administers the drugs. 
After it is determined that the animal is dead, lance 
the abdomen to avoid bloating. If skin is totally 
intact the animal will bloat and carbon, or cover 
material, may come off the pile and expose parts 
of the animal. 
Cover the animal with 24” of carbon material,  
making sure the whole animal is well covered. This 
will help to control odors, insulate heat generated 
by organisms in the pile and keep vermin or other 
unwanted animals out of the windrow.
Leave the pile static for six months to one year;  
after that, the pile can be turned or combined with 
another pile. The full process will not be complete 
for about one year. In one year, you will still fi nd 
large bones.
The resulting soil-like material can be used on  
non-food crops, distributed in forested areas, to plant 
trees, etc. Note, this medium should not be used in 
vegetable gardens. Reuse the composted material 
for another carcass compost pile, or remove large 
bones and land apply (see Use of Finished Product 
and Bones, page 5). 
Site cleanliness is the most important aspect  
of composting; it deters scavengers, helps control 
odors, and keeps good neighbor relations.
Monitoring
It is a good idea to keep a log of temperature, odor, 
unwanted animals, leachate (liquid that may come 
out of the pile), spills and other unexpected events. 
This will allow the composter to see if suffi ciently 
high temperatures were reached and adjust the 
process if there is a problem. In addition, odor can 
be an issue and compost piles are an easy target 
for complaints. When there is an odor problem, 
a pile may be blamed and may not be the cause. 
Monitoring of the pile is done mostly by checking 
temperatures. Internal compost pile temperatures 
affect the rate of decomposition as well as the 
destruction of pathogenic bacteria, fungi, and some 
seeds. The most effi cient temperature range for 
composting is between 104°F and 140°F (40°C and 
60°C). Compost pile temperatures depend on how 
much of the heat produced by the microorganisms 
is lost through aeration or surface cooling. During 
periods of extremely cold weather, piles may need to 
be larger than usual to minimize surface cooling. As 
decomposition slows, temperatures will gradually 
drop and remain within a few degrees of ambient 
air temperature. Temperature monitoring is crucial 
for managing the compost process. Thermometers 
with a 3-4 foot probe are available (see Temperature 
Probe Suppliers, page 6).
Horse buried in a compost pile.
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Large Farm/Stable Operations
For large livestock farms/stables with the potential 
for multiple deaths annually, place animals 
enveloped in carbon in windrows. A windrow is a 
long narrow pile, 8-12’ wide x 5-7’ high x as long 
as you need or there is space. 
Disasters and Disease
Unfortunately, in addition to routine mortality, every 
year we face animal related disasters including 
barn collapses, fi res, lightning strikes, fl oods, and 
winter storms. Occasionally, there may be mass 
casualty due to disease as 
well. When many animals die 
in one incident it is important 
to contact agriculture support 
agencies to get guidance on 
which is the best course of 
action for disposal. Being 
prepared ahead of time and 
considering the “what if’s” are 
important. 
If plans are not well thought 
out, disease and nutrient 
concentration in one area can 
lead to biosecurity problems 
and soil and water pollution 
for many years. The farmer, 
or animal owner, is responsible for 
ultimate disposal, so it is important 
that best management practices are 
followed. 
Use of Finished Product 
and Bones
The composted material can be used 
to plant a tree or fl ower garden in 
memorial for your horse, on hay 
and corn, winter wheat or tree 
plantations and forestland. Applying 
this compost to “table-top” crops 
directly consumed by people is not 
recommended. 
Large bones do not completely break down. Bones 
from immature animals degrade very quickly, but 
bones from mature animals take several seasons 
to breakdown. Bones can be buried or disposed of 
in bone piles.
When using or spreading the composted material, 
the bones can be removed and put in a hedgerow 
or forested land. Because they contain phosphorus 
and calcium, rodents will eat them; the smaller 
bones can be incorporated or land spread and will 
disappear quickly. 
Prepared 24” wood chip compost bed.
Planting a tree with compost in memory of the horse.
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Economics of Composting
The amount of carbon material (i.e., wood chips, 
sawdust, etc.) required to compost a 1200 pound 
horse is approximately 10 cubic yards. Presently, 
wood mulch is selling for between $14 and $33 
per cubic yard, plus freight if it is delivered. The 
total cost for 10 cubic yards of wood mulch would 
be $140 to $330. If we estimate 30 minutes for 
A Whale of a Tale!
In 1999, a Northern Right Whale in the North Atlantic became 
severely entangled in fi shing equipment. About six months later the 
whale was found dead off the coast of New Jersey. The US Coast 
Guard hauled the 30,000 pound whale to shore. Since there are 
only approximately 300 Northern Right Whales left, a call went out 
to museums to see if there was interest to preserve this whale in 
some way. The Paleontological Research Institute (PRI) in Ithaca, 
NY, said they would take it. They cut some of the fl esh and blubber off the carcass and hauled it on a 
fl at bed truck to Ithaca. Behind PRI, next to the Cayuga Medical Center, the whale was laid in a large 
bed of horse manure and completely covered and left to compost in a large pile. The pile was left for six 
months (October-April) and gently uncovered so the bones could be tagged and turned by hand. The 
bones, bits of fl esh and skin were again covered and left until October. With many volunteers, the bones 
were cleaned and weighed and ready to be assembled. If you are ever in Ithaca, come to PRI and visit 
the whale skeleton that was composted on their site.
Source: Jean Bonhotal, Cornell Waste Management Institute.
preparation and covering, the cost for labor would 
be $7.50. Fuel for a 100-HP tractor using 0.4 gallons 
at $4.00/gallon is $1.60. Tractor and loader rental 
is between $22 and $45 per hour. The total cost for 
the material, equipment, fuel and labor would be 
$170 to $380 per horse. Keep in mind that much of 
the time you can get good wood chips from utility 
companies for free.
Temperature Probe Suppliers
• Gempler’s    Madison, WI  800-382-8473
• Meriden Cooper Corp Meriden, CT  800-466-8448
• Omega Engineering  Stanford, CT  888-826-6342 
• Reotemp Instruments Strong, ME  800-648-7737
• Spectrum Technologies Plainfi eld, IL  800-248-8873
• Trend Instruments  King of Prussia, PA 800-573-4243
Composting 
can be 
done in any 
season!
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Symptoms Problems Recommendations
Pile fails to reach temperature. Material is dense. Not enough air 
circulation.
Pile too small.
Frozen carcasses placed in pile.
Add more chunky carbon on top.
  *If it is in an odor sensitive area and the 
pile can not be moved, let process run its 
course and turn in 4-6 months.
To heat, pile needs to be greater than 
4’x4’x4’.
May need to wait until warmer weather 
to reach temperature.
Insects and other animals 
attracted to pile.
Carcasses not covered well.
Leachate puddling on pad 
surface.
Cover carcass well with carbon.
Pad should have 1-2% slope and holes 
should be fi lled to avoid standing water.
Carcass uncovered. May not have lanced the abdomen 
resulting in carbon cover material 
being thrown off the pile.
May have insuffi cient cover.
Lance abdomen of bloated carcasses 
before animal is covered with carbon.
Use plenty of wood chip cover material.
Standing water/surface 
ponding.
Inadequate slope.
Improper windrow/pile alignment.
Depressions in high traffi c areas.
Establish 1-2% slope with proper 
grading. 
Cover standing water with wood chips.
Improve drainage, add an absorbent 
material such as wood chips. Run 
windrows/piles down slope, not across.
Fill and grade.
Odors Ponded water.
Insuffi cient cover.
Anaerobic conditions.
Regrade the site to make sure there is 
no standing water.
Make sure piles are covered with at least 
2 feet of wood chips.
Add a cover blanket of fresh chips or 
fi nished compost.
Build piles that are not too wide or too 
dense so that air fl ow can keep the piles 
aerobic. DO NOT turn or disturb piles 
for 4 months (depending on the size of 
the animals). Turning can release odors, 
especially early in the process.
Troubleshooting Table For Static Pile Carcass Composting 
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Horse Composting Resources
Cornell Waste Management Institute - http://cwmi.css.cornell.edu/mortality.htm 
eXtension - http://www.extension.org/pages/20164/horse-disposal-options
Oklahoma Cooperative Extension Service - http://www.poultrywaste.okstate.edu/fi les/BAE1749%20On-
Farm%20Mortality.pdf
Penn State Extension - http://extension.psu.edu/animal-composting
University of Kentucky College of Agriculture - http://www.ca.uky.edu/news/?c=n&d=487 and 
Bluegrass Equine Digest: (article: Composting: A viable alternataive for mortality disposal) http://www.ca.uky.
edu/gluck/images/BED/BED-Dec09.pdf
University of Tennessee - https://utextension.tennessee.edu/publications/Documents/W257.pdf
Unwanted Horse Coalition - http://www.unwantedhorsecoalition.org/?id=5&s=4&story=78
USDA NRCS Animal Mortality Facilty #316 - http://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/
technical/discipline/?&cid=nrcs143_026849
Virginia Tech - Cooperative Extension - http://pubs.ext.vt.edu/2909/2909-1412/2909-1412_pdf.pdf 
Virginia Tech - MARE Center - http://www.arec.vaes.vt.edu/middleburg/index.html
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The Space It Takes
Footprint Calculator for Composting Butcher Waste 
Butcher Residuals - Current Situation 
In many communities, the custom butcher 
business is important to the survival of farm 
operations that raise livestock. These businesses 
provide a critical service by processing farm-
raised animals into table-ready meat. Most 
small livestock farms sell their products 
directly to consumers. Without alternatives 
to rendering, total cost to the custom butcher 
industry for beef slaughter residuals alone 
would be approximately $10 million, which 
would be passed on to the consumer. 
The livestock and custom butcher industries 
need a convenient, socially and environmentally 
acceptable, biosecure way to dispose of carcasses 
and butcher residuals. Landfills generally will 
not accept residuals or carcasses. The livestock 
farmers and custom butchers find themselves, 
in many cases, without disposal services or 
facing high disposal fees. Many people do not 
realize that composting is a legal and acceptable 
way of managing these materials in most states; 
however, regulation varies from state to state. 
Composting can be accomplished in compliance 
with environmental regulations in many states, 
but check regulations and composting rules to 
see if meat waste composting is allowed; if it is, 
adhere to best management practices. (To check 
the laws and regulations in your state, visit: 
http://compost.css.cornell.edu/mapsdisposal.
html.) Many butchers also process other species, 
including ostrich, deer, goats, sheep and hogs. 
Many of these residuals must also be disposed of 
and may not be accepted for rendering. 
Composting provides an inexpensive alternative 
for managing dead animals, butcher waste and other 
biological residuals. The temperatures achieved 
during composting will kill or greatly reduce 
most pathogens, reducing the spread of disease. 
Historically, renderers purchased meat by-
products and recycled these materials into 
animal feed supplements, fertilizer, soaps, 
gelatins, pharmaceuticals and lotions. In 1997, 
the Food and Drug Administration (FDA) 
imposed a ban on feeding most mammalian 
proteins to cattle and other ruminants to 
safeguard against the risk of bovine spongiform 
encephalopathy (BSE or mad cow disease). 
In 2008, the 1997 rule was strengthened by 
prohibiting the tissues that have the highest 
risk for carrying the agent thought to cause 
BSE in animal feed and thus removing them 
from the animal feed chain. These regulatory 
actions have caused signifi cant changes in 
renderers’ business practices, the value of 
their products, and consequently, the question 
of what to do with the by-products from the 
meat processing industry. 
Butcher waste.
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Properly composted material is environmentally 
safe and a valuable soil amendment for growing 
certain crops. 
Composting – An Economic Solution
Static pile composting of meat processing 
by-products is a practice that can fi t into the 
management of many butcher operations. In 
static pile composting, the by-products and 
carbon material (i.e. wood chips) are layered and 
no mixing is done until after the active phase of 
composting has occurred and the residuals are 
fully decomposed. The most common and effi cient 
method is in windrows, but it can also be done in 
piles or in bins for small amounts. It is a good idea 
to check the laws in your state about composting 
butcher by-products when deciding which type 
of system to use. For example, some states may 
require that composting be done on a concrete 
pad, whereas others may allow for composting on 
bare soil. 
Windrows
Windrows are simply elongated piles that can 
vary in size and spacing. A typical windrow will 
be 8-12 feet wide by 6-8 feet high by as long space 
allows. Space between the windrows can vary 
between inches and feet. Before calculating the 
footprint, think about spacing. Windrows can be 
positioned in many ways and will be dependent 
on space available, equipment and types of 
containment. If space is very limited, windrows 
can be located close together; the bottom edges 
can be an inch apart. Turning is not recommended 
in early stages of the composting process as it 
would liberate odors. In some states, however, 
aeration is required for management of pathogens. 
For example, in Michigan, in order to facilitate 3 
temperature cycles, all peaking at greater than 
130ºF, it is recommended to turn the pile when 
the temperature of the windrow decreases to less 
than 100ºF. Therefore, space is needed among the 
windrows to turn them. If turning is not required, 
windrows can be placed close together and can be 
removed or accessed from their ends. Piles can 
also be made taller (maximum 8 feet) to conserve 
space if available equipment can reach higher 
to construct the windrow. Be aware, that with 
taller windrows, compaction can occur, so it is 
imperative to use a chunky carbon source as the 
base to keep air fl ow coming in through the base, 
keeping the windrows aerobic.
Typical windrow dimensions, 8-12 feet wide and 6-8 feet high.
Cross section of butcher waste layered in a windrow.
Pairs of windrows close together(6 inches) with 6-10 feet 
between pairs.
Windrows placed 6-10 feet apart for turning access.
6-8’
8-12’
6-10’
6-10’
6”
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Piles
Piles are similar to windrows, but are not elongated. 
Piles may vary in size, depending on the rate at 
which you are generating by-products. Piles would 
work well for residuals from smaller animals where 
there is less waste than from a full size steer as each 
“batch” could be managed separately. They may 
be located next to one another, with the bases of 
the piles being in contact with one another or with 
space in between. Piles are typically sized the same 
as windrows, that is, 8-12 feet wide by 6-8 feet high 
with a length as long as the batch requires. 
Bins
A bin is a structure designed to contain compost 
and withstand the force of equipment used 
for compost movement. One wall should be 
reinforced to confi ne compost when turning. 
The size of bins and number of sections 
can vary and will depend on the size of the 
equipment, e.g. if you have a turning bucket 6 
feet long, size the bin for ease of equipment use. 
The width of the bin is typically 6-12 feet wide. 
The height of the bin is typically 5-8 feet deep. 
Greater depths result in less air in the compost and 
slower decomposition. Bins work especially well 
for small animal processing such as poultry and 
small volumes of butcher waste.
Composting requires space to construct 
the compost piles and takes from two 
to six months for the animal tissue to 
decompose. Bones take longer and may 
need a few cycles in subsequent piles 
where they will add to the pore space and 
air fl ow. It requires space for storage of 
carbon material, and if a fi nished product 
is desired, for curing and storage of that 
product. How much space is required 
for your butcher operation to compost 
effectively and effi ciently? 
Chunky carbon base laid out waiting for butcher residual.
Bin made from concrete block highway dividers.
Three bin system.
Dumping butcher waste using a retro fi tted dump trailer.
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Calculating Space
Calculators
There are three calculators available for 
determining how much space is needed to compost 
animal tissue.
Procedures and Equations for • 
Sizing of Structures and Windrows for 
Composting Animal Mortalities (Ohio 
State) was developed in 2000 by Keener and 
Elwell at the Ohio Agricultural Research and 
Development Center, Ohio State University, 
Wooster, OH and Monnin at USDA-NRCS, 
Columbus, OH. This paper presents equations 
for animal decomposition times and sizing of 
the composting system for animal mortalities 
that occur on a farm. It is applicable for any 
species from 2 to 650 kg (4.4 to 1,433 lbs). 
It calculates the space required for storage 
and composting of animal mortalities. It was 
not designed specifi cally for meat processing 
residuals. Applied Engineering in Agriculture 
16(6):681-692.
Co-Composter Model•  was developed by 
Cornell University’s Department of Biological 
and Environmental Engineering and Cornell 
Waste Management Institute in 2001. Co-
Composter is an excel spreadsheet that provides 
mass and volume balances, area estimations 
for storage, active composting and curing, 
and a cost analysis of alternate composting 
systems based on inputs entered by the user. 
This model was designed for different compost 
feedstocks that may be combined with manure. 
When calculating for butcher residuals start 
with question #8 on the user input page: http://
compost.css.cornell.edu/CoComposter.xls.
Spartan Animal Tissue Composting • 
(ATC) System Planner was developed by 
Rozeboom, Person and Kriegel at Michigan 
State University in 2009. Spartan ATC is an 
excel application that assists in designing a 
composting system using a static approach and 
gives the option of using either bin, windrows, 
piles or overlapping piles. This model calculates 
the amount of space needed for composting 
only. It does not take into account curing or 
storage of raw materials. This spreadsheet 
was specifi cally designed for composting 
animal tissue accumulated as whole carcasses 
or as animal tissue by-products from animal 
processing operations. https://www.msu.
edu/~rozeboom/catrn.html.
Information Needed
In order to use any of these calculators, certain 
things need to be known:
The weight and/or volume of by-1. 
products generated. Table 1 shows the typical 
yield of retail cuts and by-products from cows, 
pigs and lambs. These percentages can be used 
or an average of actual weights or volumes 
from your operation can be used.
The amount of carbon needed to be able 2. 
to compost properly. This can be calculated 
based on the weight of by-product to be 
composted. To facilitate effective composting, 
the right combination of feedstock, butcher 
residual and bulking material are required. 
Successful animal tissue composting has been 
accomplished using a target animal tissue 
density ranging from 0.5–15 lb/ft3. That is, 1 
ft3 of bulking material will be needed for every 
one-half to 15 lbs of tissue. However, when 
animal tissue density is greater than 10 lb/ft3, 
intensive management of aeration and moisture 
is necessary. This is because the by-product is 
mostly fat trim (about 70% lipids) which will 
melt in the pile causing it to “slump” or lose its 
shape. Therefore, for by-product composting, 
an animal tissue density of between 4 and 6 lb/
ft3 will probably work best.
The type of composting system you 3. 
plan to use – windrows, piles or bins, and the 
approximate dimensions of the system.
The length of time during which 4. 
composting will occur. This can typically take 
between 2 and 6 months for the decomposition 
of soft tissues. For thorough decomposition and 
pathogen kill, thermophilic temperatures of 
104oF–140oF (40oC–60oC) should be reached 
and maintained. The amount of time those 
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temperatures should remain will depend on the 
amount/weight of residual being composted, 
as well as any state regulations that may 
be in place. After this active, hot phase, the 
compost should also go through a mesophilic 
stage of 77oF–104oF (25oC–40oC) to fi nish 
the composting process. Bone degradation 
takes longer, especially when processing cull 
cows over 24 months of age. It may take 
several compost cycles depending on compost 
management and duration. However, piles 
with bones can be used as the base for more 
piles as the bones add structure. Piles in which 
the bones have decomposed can be moved for 
curing or can be land spread.
How Much Space is Needed?
One example
Any one of the calculators can be used to calculate 
the amount of space you will need to compost 
residual from your particular operation, and it is a 
good idea to use one to get a precise calculation. 
However, to get a general idea of how much space 
will be needed for any butcher operation, we have 
calculated the square footage required to compost 
the residual from one cow, one pig, or one lamb. 
If the business butchers a variety of animals, the 
amount of space should be calculated on the largest 
animal butchered. This information can be used 
in the planning stages of your operation and can 
Animal Cow/Steer Pig Lamb
lb % of live wt lb % of live wt lb % of live wt
Live weight (wt) 1000 220 99
Retail cuts 420 42.0 123 56.0 35.2 35.6
By-products
    Hide 80 8.0 15.6 15.6
    Edible fats 110 11.0 35 16.0 8.9 8.9
    Variety meats 40 4.0 9 4.0 2.2 2.2
    Blood 40 4.0 9 4.0 4.4 4.4
Inedible fats & meat scraps 45 4.5 17 8.0 22 22.2
Bones 135 13.5
Other (stomach contents, 
shrink, etc.)
140 14.0 26 12.0 11.1 11.1
Table 1. Yield of retail cuts and by-products from cows, pigs and lambs.
Information Needed for all Models:
Weight and/or volume of by-products • 
generated.
Weight and/or volume of carbon needed.• 
Type of composting system to be used.• 
Length of time needed for decomposition • 
of soft tissues.
Additional Information Needed for Co-
Composter:
Density of fl esh waste.• 
Moisture content of fl esh waste.• 
Nitrogen content of fl esh waste.• 
Carbon to Nitrogen ratio (C:N) of fl esh • 
waste.
Additional Information Needed for Spartan 
ATC Planner:
An estimate of the number of months that • 
will be required to start and complete the 
creation of a new batch (period over which 
animal tissue will be added.)
The length, width and height of the windrow, • 
pile or bin.
then be fi ne tuned in production. The following 
information was used in the calculations: 
Information for all Models
1. Pounds of by-product generated using 
information from Table 1: The hide, edible fats, 
variety meats, and 1/2 of the bones (steers only) 
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will not be composted. The stomach and contents 
of the animal will be composted, but approximately 
3% of “other” is shrink/empty space, so, total 
pounds to be composted per animal is calculated 
as: 
Total pounds to be composted = Live weight 
- Retail cuts - Hide - Edible fats - Variety 
meats - 1/2 (Bones) - 3% (Other).
Animal Cow/Steer Pig Lamb
lbs of by-product 278 52 37
2. Amount of carbon: The carbon requirement 
for the residual from each animal was calculated 
using target tissue densities of 4, 5 and 6 lbs/ft3 as 
shown below.
Tissue Density (lbs/ft3) 4 5 6
Cow/Steer 70 ft3 56 ft3 46 ft3
Pig 13 ft3 10 ft3 9 ft3
Lamb 9 ft3 7 ft3 6 ft3
3. The type of composting system used was 
passively aerated windrows.
4.  Composting time used was 180 days for steers, 
72 days for pigs and 60 days for lambs.  
Additional Information for Co-Composter
1. The density, moisture content, nitrogen and 
carbon to nitrogen (C:N) ratio of butcher residual 
waste was assumed to be 66 lbs/ft3, 65%, 3% and 
6:1, respectively.
Parameter Flesh Waste
Density (lbs/ft3)) 66
Moisture (%) 65
Nitrogen (%) 3
Carbon : Nitrogen ratio 6:1
2. Wood chips are the carbon source.
Additional Informaton for Spartan ATC
1. The time required to form a batch varied 
depending on the amount of residual and target 
tissue density of the mix.
2. The dimensions of the windrows used were 6 ft 
high, 12 ft wide and 50–100 ft long.
3. The equipment working space/vehicle access 
used was 6 ft. 
Space Required for Primary Composting
A comparison of the pad size, including working 
space needed for composting the butcher residual 
from processing one cow, one pig and one lamb is 
shown in Table 2. 
An average of 14.3 square feet is required to 
compost the residual from one cow at a target tissue 
density of 5 lbs/ft3, so if the operation is processing 
20 cows per week (1,040 cows per year), primary 
composting will require approximately 14,872 
square feet of space (0.3 acres) per year. 
20 cows/week x 52 weeks/year x 14.3 square 
feet = 14,872 square feet/year. 
Similarly, the processing of 20 pigs or 20 lambs 
per week at a target tissue density of 5 lbs/ft3 will 
require approximately 1,664 or 1,144 square feet 
per year, respectively. 
20 pigs/week x 52 weeks/year x 1.6 square 
feet = 1,664 suare feet/year.
20 lambs/week x 52 weeks/year x 1.1 square 
feet = 1,144 square feet/year.
Total Space Required for the Composting 
Operation
The amount of space required for storage of raw 
materials, composting, and curing (i.e. total area 
for a composting operation) is only estimated in 
the Co-Composter model. The other calculators 
do not include an estimate of the space needed 
for the curing phase. The total amount of space 
required by the Co-Composter model was 
between 1.5 and 2.5 times the area required just 
for composting. Curing is not required in all states, 
so the estimation of space provided by all three of 
these tools should be satisfactory in those states. 
When calculating total space needed for the entire 
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composting operation in states requiring curing, 
add the calculation to accommodate that time and 
space.
Which Calculator Should I Use?
One tool is not better or more accurate than the 
other. They generate different numbers because 
they are simply a “product of math” or a “play” 
on numbers (see text boxes on page 5). All three 
are easy to use. All three require you to have some 
knowledge of the amount of by-products you will 
generate, as well as how much carbon you intend to 
use. Take some time to check each one out and use 
the one with which you are most comfortable.
Cows Pigs Lamb
Target Density (lbs/ft3) 4 5 6 4 5 6 4 5 6
Ohio State (ft2) 20.6 16.5 13.8 1.7 1.4 1.25 1.0 0.8 0.7
Co-Composter (ft2) 13.4 11.3 9.6 1.7 1.6 1.5 1.3 1.0 1.0
Spartan ATC (ft2) 18.9 15.1 13.0 2.3 1.9 1.9 1.6 1.4 1.3
Average (ft2) 17.6 14.3 12.1 1.9 1.6 1.5 1.3 1.1 1.0
Table 2: Square feet of space required for primary composting per cow, pig or lamb butchered at three different 
target tissue densities calculated by 3 models.
Approximately how much space is needed for 
primary composting?
The residual from:
1 Cow = 14.3 square feet
1 Pig = 1.6 square feet
1 Lamb = 1.1 square feet
Butcher waste compost in a bin system.Covering butcher waste.
US Butcher Waste & Mortality Disposal Laws
http://compost.css.cornell.edu/mapsdisposal.html
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SUMMARY OF THE METHOD 
Composting is the natural degradation of organic resources (such as 
poultry carcasses) by microorganisms.  In-house composting was 
successfully used in Virginia, Delaware and Maryland to control 
outbreaks of AI.  This experience demonstrates that in-house composting 
can be effective with most bird types and poultry house designs. 
Lu et al. (2003) reported that Avian Influenza Virus (AIV) can be 
inactivated in 10 minutes at 140ºF (60ºC) or 90 minutes at 133ºF (56ºC). 
Microbial activity within a well-constructed compost pile can generate 
and maintain temperatures ranging from 130ºF to 150ºF (54ºC to 66ºC) 
for several weeks, which is sufficient to inactivate the AI virus with 
generous margins of error.   
ADVANTAGES OF IN-HOUSE COMPOSTING 
¾ Contains the disease and limits off-farm disease transmission 
¾ Limits the risks of groundwater and air pollution 
¾ Inactivates pathogens in carcasses and litter  
¾ Limits public concerns over disease exposure 
¾ Specialized equipment is unnecessary 
¾ Protected from severe weather conditions (frozen ground, etc.) 
 
PLANNING PRIOR TO AN OUTBREAK 
¾ Additional sources of carbon material should be identified and 
secured to ensure availability. 
¾ If national 3-D contractors will not be utilized, rapid response teams 
should be created within each poultry complex to oversee 
sanitation, depopulation, and in-house composting.    
¾ Rapid response team should comply with national health and safety 
guidelines. 
¾ Worker decontamination plans and equipment should be prepared. 
¾ Movement of equipment onto and off the farm should be limited. 
¾ In-house composting can be done in most poultry houses. Where not 
possible, composting can be conducted outside the poultry house. 
¾ Variations in house designs may require adaptations of euthanasia 
and windrow construction methods outlined in this fact sheet. 
¾ Summary of Method 
¾ Advantages of In-House 
Composting 
¾ Planning Prior to an 
Outbreak 
¾ Equipment and Supplies 
¾ Protocols  
o Prior to Depopulation 
o Depopulation 
o Constructing the 
Windrow 
o Pole Support Houses 
o Birds Under 10 lbs. 
o Breeder Houses 
¾ Temperature Monitoring 
¾ Testing for Virus 
¾ Removing the Compost 
from Poultry House 
¾ Troubleshooting 
¾ Temperature Log 
¾ List of References 
¾ Contact Information 
“Research indicates 
that Avian Influenza 
Virus (AIV) can be 
inactivated in 10 
minutes at 140ºF 
(60ºC) or 90 minutes 
at 133ºF (56ºC) (Lu et 
al., 2003).” 
Gary A. Flory1, Virginia Department of Environmental Quality, gaflory@deq.virginia.gov 
Robert W. Peer3, Virginia Department of Environmental Quality, rwpeer@deq.virginia.gov 
George W. Malone5, University of Delaware, malone@udel.edu 
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Figure 1. Typical Free-Span House—Preparation for Windrow Construction 
Carbon for 
base of 
windrow 
Pile carcasses and litter from cleared areas in this area 
Clear this area of carcasses and litter   
Clear this area of carcasses and litter   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EQUIPMENT AND SUPPLIES  
¾ Skid loader(s), pay loader, dump trucks, and shovels  
¾ Sawdust, litter, woodchips, or other carbon material 
¾ Compost thermometers (36” or 48” stem length) or wireless/wired 
temperature probes 
¾ PPE, power washer, disinfecting equipment and recommended 
disinfectants  
 
PROTOCOLS 
Prior to Depopulation 
¾ Ensure that all personnel have appropriate personal protective 
equipment and training. 
¾ Minimize ventilation; raise poultry feeders, and waterers. 
¾ Effective in-house composting must have a minimum of 1.5 pounds 
of carbon material (based on a 30 lbs/cubic foot material) per 
pound of bird. (1 lb. of carbon per lb. of bird in the mix and the 
remaining carbon for base and cover.) 
¾ Determine total pounds (lbs.) of birds 
o lbs. birds = number of birds X average weight in lbs. 
¾ Determine total lbs. carbon needed  
o Total carbon = lbs. birds (from above)  X 1.5 
¾ Determine pounds of litter in house   
o cubic feet of litter = length of house X width of house X 
depth of litter (in feet) 
o lbs. litter = cubic feet of litter X weight of a cubic foot of litter 
(Average  = 30 lbs; Range = 25 to 35 lbs.)  
¾ Determine amount of additional carbon needed  
o Cubic yards of additional carbon needed = (total lbs. 
carbon needed – lbs. litter in house)/(weight per cubic ft. of 
carbon material)/(27) 
 woodchips, litter or wet sawdust = 30 lbs./cubic ft. 
 dry sawdust = 15 lbs./cubic ft.  
¾ Mobilize depopulation, composting, and sanitation crews. 
 
 
In 2007, 
composting was 
used to dispose of 
more than 
2,000,000 pounds 
of carcasses on 2 
turkey farms 
exposed to LPAI 
in Virginia and 
West Virginia. 
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Figure 2. Typical Free-Span House—Windrow Construction 
Carbon for 
capping 
windrow 
In-House Windrows 
In-House Windrows 
Carcass and Litter Pile Direction of Progress 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Depopulation with Fire-Fighting Foam 
¾ Birds may be confined to the center of the house to prevent 
damage to the end walls and minimize the volume of foam 
necessary (see Figure 1). 
¾ Stockpile additional carbon material (if needed) near doors so it 
is accessible during windrow construction. 
¾ Follow industry guidelines for humane euthanasia. 
¾ If other depopulation methods are used, windrow construction 
procedures will differ.  
 
Construction of Windrows in Free-Span Houses (birds over 10 
pounds) 
¾ Begin clearing both sides of the house (approximately 1/3 of the 
house width on each side) and piling the carcasses and litter in 
the center 1/3 of the house (see Figure 1).   
¾ The carcasses and litter need to be distributed evenly in the 
center pile. 
¾ Place any remaining feed on the center pile. 
¾ Using the skid loader, begin constructing the windrow by building 
windrow bases on each side of the center pile with additional 
carbon material. 
¾ The base should be 10 – 12 feet wide and 12 – 15 inches deep. 
¾ Using 2 skid loaders on each end of the center pile, place the 
carcasses and litter mix to the windrow bases making sure that 
the skid loaders do not run on the bases to avoid compaction. 
¾ The windrow should be 4 to 6 feet high and 12 feet wide. 
¾ After the windrow is constructed, cap with 12 inches of carbon 
material.  
¾ Any remaining litter should be used to cap the windrow.   
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Figure 3. Typical House with Pole Supports 
Litter for 
capping 
windrow 
House Supports 
Pile carcasses and litter from center in this area 
Pile carcasses and litter from center in this area 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Considerations for Houses with Pole Supports 
¾ A center compost windrow should be constructed (see figure 3). 
 
Considerations for Birds Under 10 Pounds 
¾ Only a single center compost windrow may be necessary (see 
figure 3). 
 
Considerations for Breeder Houses 
¾ All operations must occur within the 13-foot scratch area 
between the slats (see Figure 2). 
¾ Base should be a minimum of 4 to 6 inches. 
¾ Compost piles should be constructed 4 to 6 feet high, if possible, 
and capped as the windrow is constructed. 
¾ Once windrow construction begins, no additional equipment or 
supplies will be accessible until all birds have been added to the 
windrow because the skid loader will be confined to the middle 
of the house. 
 
TEMPERATURE MONITORING 
¾ Temperatures at 18” and 36” depths in the compost piles should 
be regularly monitored at 50 foot intervals the length of the 
windrow and charted. See sample log on page 6. 
¾ In the case of HPAI, remote temperature monitoring is preferable 
for biosecurity and worker safety. 
¾ Windrow temperatures should reach at least 130º F within the first 
week (see Figure 4). 
 
“Composting is the 
natural degradation 
of organic resources 
(such as poultry 
carcasses) by 
microorganisms.” 
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TESTING FOR VIRUS 
¾ Virus isolation testing should be conducted after 2 weeks.   
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Figure 4.  Representative Temperature Graph for Windrow Composting 
 
REMOVING THE COMPOST FROM THE POULTRY HOUSE 
¾ Temperatures should be regularly monitored after construction to ensure that temperatures 
adequate for virus inactivation are reached and maintained.   
¾ 10 to 14 days after construction of windrow, the material within the pile should be inspected to 
evaluate the decomposition of the carcasses.  At this stage, carcasses should be reduced to 
bones and feathers with little flesh remaining.   
¾ If inspection confirms the near complete decomposition of all fleshy, the compost can be 
removed from the poultry house and windrows constructed outside the houses for additional 
composting. 
¾ A sample should be collected and submitted for virus isolation testing and nutrient analysis. 
¾ Upon receipt of litter analysis and a negative virus isolation test result and subject to quarantine 
release by the State Veterinarian, the compost may be land applied at agronomic rates and 
incorporated if appropriate. 
TROUBLESHOOTING 
Problem Issue Solution 
Excessive flies or odor Exposed carcasses Add additional cap material 
Leachate from windrow Mixture too wet Add additional carbon material, 
mix and cap 
Temperature does not reach 
135ºF 
Mixture too dry (< 40% 
moisture) 
Add water to pile, mix if 
necessary 
Temperature does not reach 
135ºF 
Mixture too wet (> 60 % 
moisture) 
Add additional carbon material, 
mix if necessary 
Temperature drops early Not enough oxygen Aerate or mix pile 
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In-House Composting Temperature Log 
 
Farm Name:     
House Number:                 
Date 1 2 3 4 5 6 7 8 9 10 Daily Average 
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SUMMARY OF THE METHOD 
Composting is the natural degradation of organic sources (such as 
poultry carcasses) by microorganisms.  Windrow composting has 
been used in the United States to dispose of entire commercial 
poultry flocks infected with Avian Influenza (AI).  However, windrow 
composting may not meet the needs of individuals responsible for 
disposing of backyard flocks, game birds and wild birds.  In-vessel 
composting represents an alternative to windrow composting for 
small scale carcass disposal.   
In-vessel composting is an enhanced composting process that takes 
place within a rotating drum.  Like static pile composting, in-vessel 
composting has been used successfully in the United States and 
elsewhere to dispose of partial flock losses and routine daily mortality 
from commercial poultry operations.  This method can also be used 
to dispose of carcasses of wild birds, game birds and non-
commercial poultry affected by an outbreak of avian influenza. 
Bacterial activity within the drum generates temperatures of up to 
140ºF (60ºC) within 48 hours with ongoing temperatures averaging 
145ºF (63ºC) (Flory 2002).  Research has shown that the AI virus can 
be inactivated at 140ºF (60ºC) in 10 minutes (Lu et al. 2003).   
ADVANTAGES 
¾ Rapid temperature generation and virus inactivation. 
¾ Biosecure: Infected carcasses are not removed from the farm 
site. 
¾ Produces an end product that may be used as a soil 
amendment.  
¾ Environmentally sound.  
¾ Complete mixing of carbon and carcasses. 
¾ Drum provides vector control. 
¾ Portable and easily set up. 
 
DISADVANTAGES 
¾ Carbon material may need to be brought to the farm. 
¾ Equipment needs to be purchased or leased prior to an 
outbreak. 
¾ Requires 5 to 10 days of operation time per site. 
¾ Summary of Method 
¾ Advantages 
¾ Disadvantages 
¾ Permitting 
Considerations 
¾ Methodology 
¾ Adding and Removing 
Material 
¾ List of References 
¾ Contact Information 
“Research has 
shown that Avian 
Influenza (AI) virus 
can be inactivated at 
140ºF (60ºC) in 10 
minutes (Lu et al. 
2003).” 
Gary A. Flory1, Virginia Department of Environmental Quality, gaflory@deq.virginia.gov 
Eric S. Bendfeldt2, Virginia Cooperative Extension, ebendfel@vt.edu 
Robert W. Peer3, Virginia Department of Environmental Quality, rwpeer@deq.virginia.gov 
In-Vessel Composting of Wild Birds, Game 
Birds and Backyard Poultry to Prevent the 
Spread of Avian  Influenza (H5N1) 
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Mobile In-Vessel Composter 
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PERMITTING CONSIDERATIONS 
¾ In most cases, birds may be composted on the farm where they 
were raised and are generally exempt from permitting 
requirements. 
¾ In cases where birds are brought from off site to a centralized 
location for composting, a permit may be needed. 
METHODOLOGY 
¾ Poultry carcasses and litter are loaded into the composter at a 
ratio of 1 part carcasses to 3 parts litter (Broom 2006). 
 Other carbon sources such as sawdust, peanut hulls, and 
wood shavings may be substituted for poultry litter. 
 In-vessel composters should be loaded to a minimum working 
capacity (approximately ½ full) to generate sufficient heat.  
When only a few birds are being composted, this volume can 
consist principally of litter or other carbon material. 
¾ Once all carcasses and carbon material have been loaded into 
the drum, the unit should be started.  Once started, the unit turns 
slowly, providing thorough mixing, aeration and physical 
breakdown of the carcasses. 
¾ The optimum moisture content of the compost is 50%.   Moisture 
can be estimated within 24 hours of starting the composter by 
squeezing a handful of compost.  Material should hold together in 
a ball without dripping water. 
 Water may need to be added if the moisture content is 
estimated to be below 50%. 
 Additional dry carbon material may be added if there is 
excessive moisture. 
¾ Internal drum temperatures should reach at least 130ºF (54ºC) 
within 48 hours.  A long stem thermometer or internal temperature 
probe can be used to monitor the temperature of the compost. 
 Failure to reach adequate temperatures is usually due to 
improper moisture content.   
ADDING AND REMOVING MATERIAL 
¾ Additional carcasses may be added daily to continuous feed 
composters (such as the pictured Greendrum 408).  Daily 
capacity is dependent on the size of the unit. 
¾ Compost may be removed from the finish end of the unit after 5 
to 10 days as a batch or partially unloaded on a daily basis 
depending upon operational needs. 
¾ Access to the compost should be controlled until virus isolation 
testing confirms that the AI virus has been inactivated. 
UNIT DEMOBILIZATION 
¾ Prior to moving the unit to another site, all compost should be 
removed and the unit thoroughly cleaned and disinfected. 
“Bacterial activity 
within the drum 
generates 
temperatures of up 
to 140ºF (60ºC) 
within 48 hours 
with ongoing 
temperatures 
averaging 145ºF 
(63ºC) (Flory 
2002)” 
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SUMMARY OF THE METHOD 
Poultry carcasses are transported to existing industrial solid waste or 
municipal solid waste landfills for disposal.  Strict biosecurity 
procedures are followed during transportation and disposal.   
ADVANTAGES 
¾ Limited environmental impact. 
¾ Leachate collection systems allow for the management of liquids 
generated from the breakdown of poultry carcasses. 
¾ Quickly removes carcasses from the farm.  
 
DISADVANTAGES 
¾ Biosecurity concerns related to the transportation of carcasses 
from the farm to the landfill. 
¾ Construction of trenches in the existing solid waste may generate 
blowing trash and odor. 
¾ Significant cost. 
¾ Landfills do not have to accept the carcasses.  Public 
perception/response may effect a landfill’s decision to accept 
carcasses.  
 
PLANNING PRIOR TO AN OUTBREAK 
¾ Obtain approval/contracts for the disposal of AI infected 
carcasses from one or more landfill. 
¾ Identify sources of gasketed tailgate dump trailers, excavation 
equipment, portable lighting, stabilizing material, plastic sheeting, 
PPE etc.  
¾ Establish and train Rapid Response Teams, with team leaders and 
alternates, within each poultry complex to oversee sanitation, 
depopulation, and disposal.    
¾ Provide Rapid Response Teams with respirator fit testing, antivirals, 
flu shots, etc. 
¾ Prepare worker protection/decontamination plans and purchase 
necessary equipment. 
¾ Develop a communication plan between the farm and the landfill 
with a single point of contact to coordinate arrival times and 
landfill resources. 
¾ Summary of Method 
¾ Advantages 
¾ Disadvantages 
¾ Planning Prior to an 
Outbreak 
¾ Methodology 
o At the Farm 
o At the Landfill 
¾ Additional Contact 
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Figure 1. 
Trench excavated into 
municipal solid waste 
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Figure 4. 
Cleaning and Disinfection 
Figure 2. 
Truck dumping carcasses 
into excavated trench 
Figure 3. 
Carcasses successfully unloaded 
with plastic lining intact 
METHODOLOGY 
At the Farm 
¾ Follow industry guidelines for humane euthanasia. 
¾ Upon arrival at the farm, the truck driver should remain in the 
vehicle with the windows closed.  The driver should remain in the 
truck until the load has been emptied at the landfill and the 
vehicle cleaned and disinfected.  If the driver must leave the 
truck before that time, proper biosecurity procedures should be 
followed. 
¾ Double line the trailer with polyethylene plastic sheeting 
(minimum 6-mil thickness) large enough to completely cover the 
carcasses and be sealed at the top.  As an alternative to double 
lining, a single smaller sheet of plastic is placed in the bottom of 
the trailer to provide a slip surface for a single liner.  This option is 
only acceptable when trailer gaskets have been inspected and 
determined to be sound.  
¾ Secure plastic sheeting to the sides of the trailer using double-
sided tape. 
¾ Place at least 1 foot of absorbent material (litter, straw or 
sawdust) in the bottom of the trailer to absorb fluids. 
¾ Carefully load carcasses into the trailer to avoid tearing the 
plastic liner—avoid overloading. 
¾ Allow a minimum of 1 foot of headspace at the top of the trailer 
to allow for expansion of the material. 
¾ Once the trailer has been filled, fold the plastic liner over the 
carcasses, seal with tape and spray with disinfectant. 
¾ Cover the trailer to prevent tears in the plastic liner and blowing 
of the contents during highway transport. 
¾ Clean all organic material from the truck and trailer and spray 
tires, wheel wells and undercarriage with disinfectant prior to 
allowing it to leave the farm. 
¾ Contact staff at the landfill with the time the trucks left the farm 
and an estimated time of arrival at the landfill.  
¾ Trucks travel to the landfill on a route approved by the State 
Veterinarian or other designated official. 
 
At the Landfill 
¾ Excavate a trench into the existing solid waste in an area away 
from the active working face.  The trench is best located in 
intermediate cover scheduled to receive trash within several 
months.  Preferably, access to the disposal area should be 
distinct from ongoing landfill operations. 
¾ Establish a cleaning and disinfection station, supplemental 
lighting (if necessary) and initiate bird control operations. 
¾ Once they arrive at the landfill, direct trucks to the disposal area 
to dump their loads into the excavated trench. 
¾ Immediately cover the carcasses with at least 2 feet of 
excavated trash. 
¾ Move the trucks to the cleaning and disinfection station for 
through sanitation. 
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SUMMARY OF THE METHOD 
Composting is the natural degradation of organic sources (such as 
poultry carcasses) by microorganisms.  Windrow composting has 
been used in the United States to dispose of entire commercial 
poultry flocks infected with Avian Influenza (AI).  Static pile 
composting—a method for composting smaller volumes of material—
has been used successfully in the United States and elsewhere as a 
method for disposing of partial flock losses and routine daily mortality 
from commercial poultry operations.  This method can also be used 
to dispose of carcasses of wild birds, game birds and non-commercial 
poultry. 
Bacterial activity within a well-constructed compost pile generates 
temperatures within the pile ranging from 130ºF (54ºC) to 150ºF (66ºC) 
and maintains these temperatures for several weeks. Research has 
shown that the Avian Influenza (AI) virus can be inactivated at 140ºF 
(60ºC) in 10 minutes or 133ºF (56ºC) in 90 minutes (Lu et al. 2003). 
Static pile composting reaches temperatures and maintains holding 
times necessary to inactivate the AI virus with generous margins of 
error.   
ADVANTAGES 
¾ Relative low cost: Similar to on-farm burial. 
¾ Biosecure option: No infected carcasses are removed from the 
site. 
¾ Produces an end product that may be used as a soil amendment. 
¾ Environmentally sound.  
 
DISADVANTAGES 
¾ Carbon material may need to be brought in from off site. 
¾ Additional water may be needed. 
¾ Access to the piles needs to be controlled until the virus has been 
deactivated. 
 
COMPOST SITES 
¾ Compost piles should be located outside the floodplain, in areas 
not prone to surface water intrusion, and with a minimum of 2 feet 
of separation from the seasonal high water table.  
¾ Summary of Method 
¾ Advantages 
¾ Disadvantages 
¾ Compost Sites 
¾ General Design Goals 
¾ Compost Pile 
Construction 
¾ Pile Maintenance 
¾ Turning the Pile 
¾ List of References 
¾ Contact Information 
 
“Research has 
shown that Avian 
Influenza (AI) virus 
can be inactivated at 
140ºF (60ºC) in 10 
minutes or 133ºF 
(56ºC) in 90 minutes 
(Lu et al. 2003).” 
 
Gary A. Flory1, Virginia Department of Environmental Quality, gaflory@deq.virginia.gov 
Eric S. Bendfeldt2, Virginia Cooperative Extension, ebendfel@vt.edu 
Robert W. Peer3, Virginia Department of Environmental Quality, rwpeer@deq.virginia.gov 
Static Pile Composting of Wild Birds, 
Game Birds and Backyard Poultry to 
Prevent the Spread of Avian  Influenza 
(H5N1) 
 
   Version August 22, 2006 
 Page 2 Static Pile Composting Fact Sheet
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
GENERAL DESIGN GOALS 
¾ Moisture Content 
 Pile moisture content should be between 45% and 55%. 
 Moisture can be estimated a week after pile construction by 
squeezing a handful of compost.  Material should hold 
together in a ball without dripping water. 
 If the carbon material is extremely dry, the birds should be 
misted or lightly sprayed during the construction process. 
¾ Temperature 
 Compost piles should reach temperatures of 130ºF (54ºC) to 
150ºF (66ºC). A long stem thermometer or wireless/wired 
temperature probe can be used to monitor the core 
temperature of the pile. 
COMPOST PILE CONSTRUCTION 
¾ Construction should begin with a 12 inch (30 cm) base layer of 
carbon absorbent material such as poultry litter, sawdust, wood 
chips, or other appropriate materials. 
¾ A single layer of bird carcasses is placed on the base. 
¾ 8 inches (20 cm) of carbon is added to the carcasses. 
¾ Add alternating layers of poultry carcasses and carbon until all 
the carcasses are added or pile height reaches 6 feet (1.8 m). 
¾ Cap the pile with 8 to 10 inches (20 to 25 cm) of carbon.  A 
generous cover is critical for reducing the odors that attract 
scavengers.  Scavengers can transport carcasses before the 
composting process has inactivated the AI virus.  It is 
recommended that the complete compost pile be covered with 
compost fleece or breathable cover to further reduce the 
potential for attracting scavengers.  The entire pile can also be 
surrounded by woven-wire fence. Alternatively, the pile may be 
constructed inside a barn or other structure for better scavenger 
control. 
PILE MAINTENANCE 
¾ The compost pile should be inspected regularly to ensure that 
scavengers have not compromised the integrity of the cover.  
Repairs should be made as necessary. 
TURNING THE PILE 
¾ After 3 weeks of microbial degradation of the carcasses and 
thermal kill of the virus, the pile should be turned.  Turning, by 
working or moving the pile, provides oxygen to the bacteria 
within the pile and generates a second heat cycle.  If moisture 
within the pile has dropped below 50%, water may be added at 
this time.  
¾ The composting process should be allowed to continue for an 
additional 3 to 5 weeks.  After the second heat, all that should 
remain of the carcasses is bones and a few feathers.  Contents 
may be land applied as a soil amendment. 
“Composting is the 
natural degradation of 
organic sources (such 
as poultry carcasses) 
by microorganisms.” 
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